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ABSTRACT 
Machine progmms for computing t h e  s ing le - sca t t e red  neutron 
and gamma-ray f l u x e s  from radfatolas of reactor-powered spacec ra f t  
are  descr ibed and some ca lcu la ted  r e s u l t s  f o r  t y p i c a l  unshielded 
SNAP-8-powered spacec ra f t  a r e  presented,  Calcu la t ions  t o  i n v e s t i -  
g a t e  t h e  e f f e c t  o f  uniform expansion of a direct-beam sh ie ld  on the  
t r ansmi t t ed  neutron dose ra te  i n  the absence of a s c a t t e r i n g  atmos- 
phere are repor ted ,  The r e s u l t s  of some Monte Carlo c a l c u l a t i o n s  
performed by @D/FW and t h e  Technical Research Group of Syosset, N. Y., 
t o  i n v e s t i g a t e  the e f f e c t s  of s h i e l d - s p l i t t i n g  on neutron t r ans -  
mission through direct-beam s h i e l d s  i n  the absence of a scattering 
atmosphere are  discussed,  
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A number of p r e s e n t l y  conceived spacec ra f t  designs u t i l i z e  
small nuc lear  r e a c t o r s  a s  sources of power, I n  most of t h e s e  designs,  
the  r e a c t o r  powers a t u r b o e l e c t r i c  genera t ing  system which s u p p l i e s  
e l e c t r i c i t y  t o  an ion  propuls ion system and t o  secondary equipment, 
such as t r a n s m i t t e r s  and var ious s c i e n t i f i c  instruments .  An example 
of t h i s  type  of spacecraf t  i s  shown i n  F igure  1, Other spacec ra f t  
des igns  u t i l i z e  a device f o r  d i r e c t  conversion of heat t o  e l e c t r i c i t y .  
In  some vehic les ,  such as an  o r b i t i n g  s a t e l l i t e ,  the  r e a c t o r  w i l l  be 
used only  as  a source of e l e c t r i c i t y  and w i l l  not f u r n i s h  power t o  a 
propuls ion system, In any event, r e l a t i v e l y  large r a d i a t i n g  su r faces ,  
such as those  shown i n  F igure  1, w i l l  be requi red  t o  dispose of waste 
hea t  
Because of the  r e a c t o r  and the  r a d i a t o r s ,  var ious parts of the  
spacec ra f t  may be exposed t o  high scat tered-neutron and -gamma f l u x e s ,  
It i s  important,  w i t h  r e spec t  t o  t h e  desfgn of such spacecraf t ,  t o  
p r e d i c t  t h e  magnitudes of these  f l u x e s  so tha t  a shield conf igura t ion  
can be deslgned which w i l l  reduce t h e  neutron and gamma f l u x e s  t o  
a l lowable  l e v e l s ,  It i s  of p a r t i c u l a r  importance t o  know the  magni- 
tude  of t h e s e  f l u x e s  a t  such p laces  as the  payload and p rope l l an t  
tank. 
Both t h e  neutron and gamma f l u x e s  a t  any po in t  w i l l  c o n s i s t  of 
** - 





Figure 1. Flat Configuration of IO-kwe SNAP-8 Interplanetary Spacecraft 
12 
from source t o  d e t e c t o r  ( a component referred t o  as  the  " d i r e c t  
beam'! and cons i s t ing  of' t h e  uneol l ided f l u x  p l u s  that  f l u x  which i s  
s c a t t e r e d  wi th in  any materlial between the source and the  d e t e c t o r )  
and ( 2 )  the f l u x  s c a t t e r e d  from t h e  r a d i a t o r  su r faces  and s t r u c t u r a l  
components, Although the  t o t a l  gamma f l u x  would inc lude  a component 
due td, neutron a c t l v a t f o n  of the r a d i a t o r s  and s t r u c t u r a l  components, 
only those  methods of ca l cu la t ing  and s h i e l d i n g  aga ins t  the r a d i a t o r -  
s c a t t e r e d  and dlreet-beam f luxes  are  discussed i n  t h i s  r epor t .  
P a r t i c u l a r  e f f o r t  has been d i r e c t e d  toward s e t t i n g  up machine 
programs f o r  c a l c u l a t i n g  t h e  r a d i a t s r - s c a t t e r e d  f luxes .  The develop- 
ment and use  of these pmgrams a r e  descr ibed and some r e s u l t s  f o r  
ty-pical spacec ra f t  powered by unshielded SNAP-8 r e a c t o r s  are  presented.  
The problem 0% s h i e l d i n g  aga ins t  the  direct-beam f luxes is 
considered from the  s tandpoint  of minimizing the  requi red  s h i e l d i n g  
by proper  placement of  the  s h i e l d  and by expanding o r  s p l i t t i n g  the 
sh ie ld ,  I n  any case, the  desSred e f f e c t  i s  t o  increase  the  t r ans -  
verse  leakage of t hose  neutrons and photons which s c a t t e r  wi th in  t he  
sh ie ld ,  
the e f f e c t s  of s h i e l d  expansion a r e  presented and discussed,  Calcu- 
l a t i o n s  performed by t h e  Technical Research Group a t  Syosset, New York 
t o  i n v e s t i g a t e  the  e f f e c t s  of s h i e l d  placemenf; and s p l i t t i n g  a r e  a l s o  
d i  scussed 
Resul t s  of ca l cu la t ions  performed a t  Q D P W  t o  i n v e s t i g a t e  
It should be pointed out that, t hus  far,  t h i s  study has not  
beer? concerned with %he a c t u a l  design of s p e c i f i c  s h i e l d s ,  but has 
been d i r e c t e d  toward s e t t i n g  up methods of a n a l y s i s  and i n v e s t i g a t i n g  
some of t h e  more important a spec t s  of spacec ra f t  r e a c t o r  sh ie ld ing .  
Recommendations a r e  made f o r  continuing t h i s  study i n  o rde r  t o  a r r i v e  
a t  an in t eg ra t ed  program f o r  spacecraf t  r e a c t o r  shield design and t o  
eva lua te  p re sen t ly  conceived designs.  
L 
14 
11. RADIATOR SCATTERING 
Equations f o r  c a l c u l a t i n g  t h e  r a d i a t o r - s c a t t e r e d  neutron and 
The IEM programs for gamma f l u x e s  a r e  developed i n  t h i s  sec t ion .  
c a l c u l a t i n g  t h e s e  s c a t t e r e d  f l u x e s  a r e  descr ibed i n  terms of calcu- 
l a t i o n a l  procedure, da ta  input ,  and data output .  Resul t s  of some 
c a l c u l a t i o n s  f o r  t y p i c a l  spacecraf t  conf igura t ions  are a l s o  given. 
2,1 Methods of Calcu la t ion  
2.1,l Neutrons: IBM Procedure SO6 
A FORTRAN program (S06) for c a l c u l a t i n g  the  neutron f lux  
s c a t t e r e d  from the r a d i a t o r s  of reactor-powered spacec ra f t  has been 
coded f o r  the  IBM-7090. 
s ta tements  for so6 are given i n  Appendix A. 
i n s t r u c t i o n s  are given i n  Appendix E. 
problem are  given i n  Appendix B. 
T h i s  program i s  descr ibed below. The FORTRJ 
Machine ope ra t ing  
Input and output f o r  a sample 
2.1.1.1 Derivat ion of Equation for Scat te red  Neutron Flux 
It i s  assmed tha t  t h e  r e a c t o r  can be represented by a po in t  
source, wi th  t he  o r i g i n  of t h e  coord ina te  system a t  the  source,  A 
s imple  example of t h e  geometry involved i s  shown i n  the accompanying 
ske tch .  I n  a l l  cases,  i t  i s  assumed that t h e  r a d i a t o r ,  source, and 
d e t e c t o r  l i e  i n  t h e  same plane.  
Y-axis 
X-axis 
Source ne t ec to r  
The r z d i a t o r  can be t r i i n g u l m  o r  c o n s i s t  of rec tmgu1, i r  1:nd t r i -  
angu lw s e c t i o n s .  
X Txis.  
a r ea  above i t s  base, and the s lopes  of all hypotenuses must be equal  
and p o s i t i v e .  
t he  a n a l y s i s  of systems such as the  one i l l u s t r s t e d  i n  Figure 1 snd 
those described in  Reference 1. 
The base of each s e c t i o n  must be p q r a l l e l  t o  t h e  
Each t r i m g u l a r  sec>+ion must be a r i g h t  t r i a n g l e  with I t s  
T h i s  geometry was chosen because it lends i t s e l f  t o  
To der ive  the  expression f o r  t he  s c a t t e r e d  f l u x ,  consider  the  
geometry i l l u s t r a t e d  i n  Figure 2 .  For the  present ,  t he  source, 




F i g u r e  2 .  S c a t t e r i n g  Geometry 
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Assume tha t  the r a d f a t o r  i s  s u f f i c i e n t l y  t h i n  so t h a t  t h e  Z -  
dependence of t he  f l u x  a t  any point  i n  the  r a d i a t o r  can be neglected.  
The f l u x  i n  energy group L a t  the  po in t  ( X , Y )  i s  then given by 
S(L,X3Y).  It i s  important t o  note that  i n  t h i s  formulat ion the source 
is represented  by a po in t  source, but that  t h e  source term, S(L,X,Y), 
i s  ca lcu la t ed  by consider ing t h e  r e a c t o r  core  as  a number of po in t  
sources  d i s t r f b u t e d  throughout the volume of t he  core,  
Next, assume that a l l  t he  neutrons a t  (X,Y) are  t r a v e l i n g  i n  the 
same d i r e c t i o n .  This assumption i s  cons i s t en t  w i t h  t h e  assumption of 
a p o i n t  source and i s  feasible  s ince  the dimensions of t he  r e a c t o r  
core  are  small compared to Re 
The number of group-L neutrons i n  t he  element of volume dXdYdZ 
a t  X,Y,Z which undergo s ing le - sca t t e r ings  through the  ang le  €3 is given 
bY 
S (  L,X,Y)C(L,Q)dXdYdZ neutrons/sec-steradian, 
where 
Z(L ,8 )  = d i f f e r e n t i a l  s c a t t e r i n g  cross sec t ion  of t h e  r a d i a t o r  
Neglecting energy l o s s  due t o  s c a t t e r i n g ,  t h e  number of group-L 
for group-L neutrons i n  u n i t s  of cm'l/steradian. 
neut rons  pass ing  through a n  element of a r e a  dS, which i s  loca ted  a t  
the p o s i t i o n  of t h e  d e t e c t o r  and o r i en ted  perpendicular  t o  D, and 
r e s u l t i n g  from s ing le - sca t t e r ing  i n  dXdYdZ i s  
E neutrons/'sec, 
# 
S( L,X,Y )Z(Lp 8 )dXdYdZ e 
1 = s l a n t  d i s t ance  i n  cm from the  po in t  (X ,Y,Z)  t o  the  su r face  
of t h e  r a d i a t o r ,  and 
A = mean f r e e  pa th  i n  cm of group L neutrons i n  t h e  r a d i a t o r .  
Assuming t h e  r a d i a t o r  t o  be s u f f i c i e n t l y  t h i n ,  1 w i l l  be so small 
compared t o  A(L)  
more properly,  the  c u r r e n t )  a t  dS w i l l  then  be 
t h a t  t h e  exponent may be neglected,  The f l u x  (or,  
s(L9 h IC( L, ' dXdYdZ neutrons/cm2- sec  . 
Since the  de tec to r  i s  omnidirect ional ,  the t o t a l  s ing le - sca t t e red  
f l u x  i n  energy group L i s  
pf( L )  = / / y- dXdYdZ neutrons/cm2-sec. 
volume 
Since the  integrand i s  independent of Z, 
pf(L) = t // s(L"y)"L'B) dXdY neutrons/cm2-see, 
D* 
a r e a  
where t '= th ickness  of r a d i a t o r  i n  cm, 
It should be noted that  Equation 1 has been der ived without any 
assumptions w i t h  regard t o  the r e l a t i v e  o r i e n t a t i o n s  of p o i n t  source, 
r a d i a t o r ,  and de tec to r ,  A s  noted i n  Sec t ion  2.1.1, however, i t  w i l l  
be assumed t h a t  a l l  l i e  i n  the same p lane  and Equation 1 w i l l  be 
evaluated on t h a t  b a s i s ,  
18 
I n  formulat ing t h e  expression f o r  t h e  s c a t t e r e d  f l u x ,  t h e  
fol lowing assumptions were made: 
1. Attenuation by t h e  r a d i a t o r  can be neglected,  
2. The neutron spectrum inc ident  on t h e  r a d i a t o r  can be 
represented by a number of d i s c r e t e  energy groups,  
3. The s c a t t e r e d  f l u x  w i l l  c o n s i s t  only of s ing le - sca t t e red  
neutrons,  
4. Energy l o s s  due t o  s c a t t e r i n g  can be neglected,  
5. The r a d i a t i o n  Peaking from t h e  r e a c t o r  can be t r e a t e d  as 
i f  emitted from a point  source,  
2 , 1 , 1 , 2  IBM Calcula t iona l  Procedure 
Program so6 numericslly eva lua tes  Equation 1 f o r  any number of 
Since i t  fs  d e s i r a b l e  t o  energy groups (va lues  of L )  E ~ o m  1 t o  150 
know which sec t fons  of t h e  r a d i a t o r  con t r fbu te  most of t h e  s c a t t e r e d  
f l u x ,  t h e  r a d i a t o r  may be broken up i n t o  as many as 20 sub-areas and 
t h e  f l u x  from each sub-area ca l cu la t ed ,  
The source terms S(L,X,Y) a r e  suppl ied t o  t h e  program as f l u x e s  
a t  p o i n t s  descr ibed by Ti and a about t h e  source (see F ig .  2 ) .  The 
i n t e g r a l  i n  Equation 1 i s  evaluated by a double a p p l i c a t i o n  of 
Simpson's r u l e  f o r  each sub-area, The procedures f o r  eva lua t ing  t h e  
two terms i n  t h e  integrand of Equation 1 for a given X and Y a r e  
descr ibed below, 
Source Term S(L,X,Y). The va lues  of (R,a) corresponding t o  
(X,Y) are  ca l cu la t ed  i n  conventional f a sh ion ,  The program then 
determines t h e  input  va lues  sf R and a 
(R,a) w i l l  l i e  ( s e e  ske tch) .  
between which t h e  po in t  
Ely t h e  use of l i n e a r  i n t e r p o l a t i o n  with 
r e spec t  t o  
are determined, 
a, the source terms Si and S2 a t  the  p o i n t s  ( 1 )  and ( 2 )  
The source term a t  ( R , a )  i s  then  ca l cu la t ed  by the  
exp r e s s ion  
S( R,a  ) = 1/2 ( S1R12+SgR22 )/€I2. 
D i f f e r e n t i a l  Sca t t e r ing  Cross Sec t ions  Z(L,8) .  The cos ine  of 
t h e  s c a t t e r i n g  angle, 8 ,  is  ca l cu la t ed  by the equat ion 
9 
- R2 - D2 
2RD cos 8 = ( 3 )  
where R = (X2 + Y2)lI2 and (4 1 
(5 1 D :: [R2 +(SEP)2 - 2(SEP)XI1I2. 
The d i f f e r e n t i a l  s c a t t e r i n g  cross s e c t i o n  i n  FORTRAN terminology i s  
20 
where *C.denotes  m u l t i p l i c a t i o n  and 
ATOM(NU1 = nuclear  dens i ty  of element NU i n  r a d i a t o r  i n  
nuclei/cm3 ( i n p u t  >; 
LLMAX 
LL = 1 
SIG(L,B,NU) = .a- SIGEL L NU c (2LL-l)F(NU,L,LL)P(LL,cos€I); 
SIGEL(L,NU) = e l a s t i e  s c a t t e r i n g  c ros s  s e c t i o n  of element NU 
gpoup-L neutrons I n  barns ( inpu t  ); 
(7  
f o r  
F (NU, L, LL) = c o e f f i c i e n t s  i n  Legendre expansion ( inpu t  ) ; 
P (  EL, c o s Q )  = Legendre polynominals ( ca l cu la t ed  by t h e  program), 
It should be noted t h a t  0 f n  Equation 3 r e f e r s  t o  labora tory  
system coordinates ,  whereas most compilations of t h e  c o e f f i c i e n t s  
P(NU,L,LL) a r e  f o r  s c a t t e r i n g  angles  i n  t h e  center-of-mass system, 
For most r a d i a t o r  ma te r i a l s ,  the  mass number will be high enough t o  
cause t h e  e r r o r  introduced i n  t h e  r e s u l t s  by u s e  of t h e  F(NU,L,LL)fs 
i n  t h e  center-of-mass system i n  Equation 7 t o  negbig ib le ,  
2 ,1 ,1 ,3  Code Descr ipt ion ~f R a d i a t o r  Geometry 
The r a d i a t o r  conf igura t ion  i s  descr ibed i n  XY coordinates ,  with 
the  o r i g i n  of t h e  coordinate  system always loca ted  a t  t h e  source. 
The ’de tec to r  then always l i e s  on t h e  X-axis, a d i s t ance  SEP from t h e  
o r i g i n .  A sub-area i s  described i n  FORTRAN by seven q u a n t i t i e s :  
XO(K) and YO(K) Coordinates of t h e  lower l e f t  corner 
of t h e  sub-area K. No sub-area can 
have coordinates  ( O , O ) ,  
NPXQK) and NPY(K) The number of p o i n t s  I n  t h e  X and Y 
meshes f o r  i n t e g r a t i o n ,  NPX(K) and 
N P Y Q K )  must a l l  be odd i n t e g e r s ,  
21 
A con t ro l  number denoting whether sub- 
a r e a  K i s  r ec t angu la r  o r  t r i a n g u l a r .  
(=o f o r  rec tangle ,  =I f o r  t r i a n g l e ) .  
I n t e r v a l s  between p o i n t s  i n  t h e  X and 
Y meshes f o r  sub-area K. 
For a t r i a n g u l a r  sub-area, NPY(K)  and DELY(K) w i l l  be put  i n  as  zero 
and t h e i r  values w i l l  then be computed by t h e  program as  fo l lows:  
DELX(K) and DELY(K) 
NPY = 3 + ( 1 - 1 ) 2 ,  
where I = t h e  index number of a po in t  i n  t h e  X-mesh which w i l l  assume 
values of 1 through N P X ( K ) .  
and 
DELY = SLBPE(X-XO)/(NPY-l), 
where SLOPE = the  s lope  of t h e  hypotenuse of t h e  t r i a n g u l a r  sub-area. 
2 .1 .1 .4 so6 Input Data 
Def in i t ion  of Input Q u a n t i t i e s .  The program input  f o r  a s i n g l e  
problem will cons is t  of (1) t h e  problem da ta ,  ( 2 )  one l i b r a r y  deck of 
source data, and ( 3 )  one t o  f i v e  l i b r a r i e s  of c ross -sec t ion  da ta .  A 
cross-sec t ion  data  l i b r a r y  must be suppl ied  f o r  each element. Although 
up t o  25 cross-sect ion l i b r a r i e s  may be loaded a t  t h e  same t i m e ,  a 
s i n g l e  problem can have a maximum of only f i v e  elements. 
Only one source l i b r a r y  can be read i n  a t  a t ime. If s e v e r a l  
problems a r e  t o  be run i n  sequence, they  must all use  t h e  same source 
l i b r a r y .  All l i b r a r y  data f o r  a given sequence of problems must be 
read i n  before  the  problem decks a r e  read i n .  
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The q u a n t i t i e s  tha t  comprise t h e  problem data, the  source-data 













Number of  sub-areas (a  p o s i t i v e  i n t e g e r ) .  
Number of d i f f e r e n t  n u c l e i  which are  treated 
as  s c a t t e r e r s  (a p o s i t i v e  i n t e g e r ) .  
The largest value of LLMAX which is t o  be used 
(a p o s i t i v e  i n t e g e r ) .  
cross-sect ion data. 
LUNX is defined under 
Number o f  energy groups (a p o s i t i v e  i n t e g e r ) .  
This must be the same i n  t he  problem data input ,  
the source l i b r a r y ,  and a l l  the  c ross -sec t ion  
l i b r a r i e s  used  i n  a p a r t i c u l a r  problem. 
Slope of hypotenuses of a l l  t r i a n g u l a r  sub-areas 
in a p a r t i c u l a r  problem (a decimal number). 
Source-detector s epa ra t ion  d i s t a n c e  i n  em (a  
decimal number ) .,
I d e n t i f i c a t i o n  number of source l i b r a r y  (a 
decimal number). Same d i g i t s  appear i n  Columns 
63 through 68 of source l i b r a r y  cards.  
Thickness o f  r a d i a t o r  i n  em (a  decimal number). 
Number of p o i n t s  i n  X-mesh f o r  sub-area K (a 
p o s i t i v e  i n t e g e r :  NA va lues) .  
Number of p o i n t s  i n  Y-mesh for sub-area K (a  
p o s i t i v e  integer:  MA values  
Denotes r ec t angu la r  (KT = 0 )  o r  t r i a n g u l a r  
(MT = 1) su.b-area (MA va lues) .  
X-coordinate of lower l e f t  corner  of sub-area K 
i n  cm (a decimal number: NA va lues) .  
V-- ~ - - b W W J . U I 1 , U V \ ,  r s r r n n A S n = t - a  of" lower left c o r n e r  of sub-area K 
i n  cm (a decimal number: NA va lues ) .  
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Problem Data (cont Id) 
DELX(K) I n t e r v a l  between p o i n t s  i n  X-mesh of sub-area K 
i n  cm (a decimal number: NA values) .  
DELY ( K ) 
ATOM(NU) 
I n t e r v a l  between p o i n t s  i n  Y-mesh of sub-area K 
i n  cm (a decimal number: NA values) .  
Nuclear dens i ty  of element NU i n  nuclei/cm3 (a 
decimal number w i t h  exponent: "MAX va lues) .  
YLIB(NU) Library i d e n t i f i c a t i o n  number of c ross -sec t ion  
data Library f o r  element NU (a decimal number: 
NUMAX values) .  
Source Data 
NE Defined under problem data. 
mAx Number of values  of R f o r  which source p o i n t s  
are def ined (a  p o s i t i v e  i n t e g e r ) .  
NMAX Number of values  of a f o r  which source p o i n t s  
are def ined (a p o s i t i v e  i n t e g e r ) .  
Values of R i n  cm a t  which sources  are def ined 
(a decimal number: MMAX values  i n  inc reas ing  
order  ) 
ALPWI1(N) Values of a a t  which sources  a r e  def ined;  has 
u n i t s  of degrees ( a  decimal number: NMAX values  
i n  i nc reas ing  o rde r  ) 
Rl(M), and ang le  AEPHAl(N) (a decimal number 
w i t h  exponent: NE 0 MMAX 0 NMAX values) .  
R m )  
S(L,M,N) Source terms ( f l u x )  for energy group L, radius 
Cross-Section Data 
LLMAX Number of terms i n  Legendre expansion of c r o s s  
s e c t i o n  (a p o s i t i v e  I n t e g e r ) .  
NE Defined i n  problem data. 
SIGEL(L) T o t a l  e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n  f o r  
energy group 6, (a  decimal number with exponent: 
NE va lues) .  
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Cross-section Data (cont "a) 
P(E,LL) Group E c o e f f i c i e n t s  i n  Eegendre expansion of 
cross  sec t ion  (a decimal number wi th  exponent: 
NE 0 LLWX values) .  
L i m i t s  on Quantity of Input Data. The quan t i ty  of i npu t  data i s  
l i m i t e d  by t h e  fol lowing maximum values :  
Quantity Input 
NA 
N M X  
NE 
ELMAX 

















Input Data Formats, Formats f o r  prepar ing  input  data a r e  shown 
i n  F igu res  3 thxDough 5. The f i rs t  card of t h e  problem deck conta ins  
no d a t a ,  The f irst  card of a source l i b r a r y  has a l i n  Column 10. 
The f i r s t  card of a cross-sect ion l i b r a r y  has  a 2 i n  Column 10, With 
regard t o  en te r ing  t h e  input  on t h e  data shee ts ,  t he  fol lowing r u l e s  
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n 
. . . - - . .- . . . 
1. I n t e g e r s  must end i n  the last column of a data f i e l d ,  i , e , ,  
COIUM 10, 20, 30, 40, 50, 01” 60,  
2 ,  A Decimal Number can end anywhere i n  the data f i e l d ,  
3. A Decimal MumbeP-w%th ETponent must end i n  t h e  East col~nmn 
s f  a data rfeica ( ~ , ~ X I O Q  would be 2 , 5 + 0 6  or . 2 5 + 0 7 ) ~  
2,1. l , fs  .SO6 mtput B t a  ,, 
Output data from t h e  program c o n s i s t s  of Che fol lowing:  
1, T o t a l  f l ux  a t  de t ec to r  
2, F l u  spectr.tPm a t  de t ec to r  
3. Flux from sub-areas 
4, Frac t ion  of t s t i a P  f l u x  at d e t e c t o r  from each sub-area 
5. FPw- spectrum at de tec to r  from each sub-area 
With regard  t o  the output data, the fol lowing should be noted:  
P o  
2 ,  
If S(L,X,Y fs i n  u n i t s  of n/c&sec-Mev, then  SIGEL(L) 
and P(L,LL for each element are  supp1ie.d f o r  each 
energy E(L ; @(L) 1s then the  flux a t  the d e t e c t o r  i n  
u n i t s  of n/crn2-sec-Mev and output i tems I, 3, and 4 have 
no meaning, 
1% S(L,X,P i s  ~ a a  u n i t s  sf n/cmz-sec i n  energy group L, 
then  SIGEL L )  and F(LEL%%) for each element c o n s i s t  of 
tkef r  average values over energy group I;; PI(%%) then has 
unLbs  o f  n/em*-see and a l l  output items have meaning., 
2 , 1 , 2  Gammas: PEN Procedure SI4 
A program, Sl4,  has also been coded to c a l c u l a t e  the r a d i a t o r -  
s c a t t e r e d  gamma flux, T h i s  progrsm % a  described below, The FORTRAN 
s ta tements  are l a s t e d  i n  Appendix C, 
problem are  gfven In Appendix Do 
given  In Appendix E. 
Input and output  f o r  a sample 
Machine operat ing i n s t r u c t i o n s  are 
The geometry involved i s  the same as i n  the neutron program. 
2.1.2.1 Derivation of Equation f o r  Sca t te red  Gamma Flux 
I n  formulat ing t h e  expression for t he  s c a t t e r e d  gamma flux, the 
fol lowing assumptions were made: 
1. Attenuation i n  the r a d i a t o r  can be neglected.  
2. The gamma spectrum inc iden t  on t h e  radiator  can be 
represented by a number of d i s c r e t e  energy groups. 
3.  The s c a t t e r e d  f l u x  w i l l  c o n s i s t  of only s ing le - sca t t e red  
gammas. 
4 ,  An average energy can be assigned t o  each energy group, 
and t h i s  energy can be used i n  c a l c u l a t i n g  the c r o s s  
sec t  ion  f o r  Comp ton  s c a t t e r i n g  . 
The r a d i a t i o n  leaking  from the r e a c t o r  can be treated 
as i f  emi t ted  from a po in t  source,  
5. 
With t h e s e  assumptions, the s c a t t e r e d  f l u x  $(L) i n  energy group 
L i s  given by 
g (L)  t /l C S L f X Y  (L',8)F(0,Lf-L)dXdYY (8) 
a rea  L I Z 1  D2 
where g ( L )  = s c a t t e r e d  f l u x  i n  energy group L i n  photonsfcm2-sec; 
t = th ickness  of r a d i a t o r  i n  cm; 
S(Lf,X,Y) = f l u x  i n  energy group L t  i n c i d e n t  on t h e  r a d i a t o r  a t  the  
point  (X,Y) i n  photons/cm2-sec; 
D = d i s t ance  from s c a t t e r i n g  p o i n t  t o  d e t e c t o r  i n  cm; 
C ( L f , Q )  - d i f f e r e n t i a l  s c a t t e r i n g  c r o s s  s e c t i o n  of r a d i a t o r  f o r  
g roup41  photons i n  cm'l/steradian; 
F(B,Lf-L) = "probabi l i ty"  t ha t  a group-Lf photon which s c a t t e r s  
through angle  8 w i l l  end up i n  group-L. 
always be e i t h e r  zero or u n i t y ,  depending on 8, L 1 ,  
and L. 
T h i s  w i l l  
2,1.2,2 IBM Ca lcu la t iona l  Procedure 
With the  exception of X ( L ' , B )  and P(Q9LS-L], which are  
discussed belowd the  q u a n t i t i e s  i n  Equation 8 a r e  ca l cu la t ed  i n  the 
same manner as i n  PEM Procedure s06, 
D i f f e r e n t i a l  Sca t t ePfn ,  C r o s s  Sect ion,  The cos ine  of t h e  
s c a t t e r i n g  angle,  €3, i s  cgalculated as i n  the neutron program (S06) .  
The r a t i o  of f i n a l  t o  i n i t i a l  energy, PgL), i s  then  ca l cu la t ed  by the  
equat ion 
where y,(L) = E0(%)/0.51, and 
EO(L) = average energy sf group-% photons, f n  M e V ,  
The d i f f e r e n t i a l  s s a t t e r i n g  cross s e e t i o n  is then  g iven  by 
Z ( L , Q )  = N e ( g )  ( P - P 2 g b c O s  2 8 ) + P 3 ) ,  
where Me = number of e l e c t r o n s  pe r  cm3 i n  r a d i a t o r ,  
ro = classical r a d i u s  of e lec t ron ,  i n  cm, 
Equations 9 and 10 are discussed i n  Reference 2, 
PIQs LQ-L). T h i s  quan t i ty  i s  not  a c t u e l l y  ca l cu la t ed .  Instead,  
the f i n a l  energy, E l ,  is ca lcu la t ed  by 
EL is then  success ive ly  compared w i t h  the lower-energy l i m i t s  E(L)  of 
m e  energy groups, 'ueginnfiig with L = 1, ULIL,A.L P ~ L ~ G  ~ u u p  in xhich E l  
l i e s  Xs found, The g r o u p 4  f l u x  s c a t t e r e d  from the  po in t  i n  quest ion 
is then asslgned t o  t h a t  p a r t i c u l a r  group, 
. * - & a 1  +LA ---..%.. L ,  
2.1.2.3 S14 Input Data 
Def in i t i on  of Input  Quant i t ies .  The program input  f o r  a s i n g l e  
problem w i l l  cons i s t  of (1) t h e  problem data and ( 2 )  one l ibrary of 
source data, The l i b r a r y  data f o r  a given sequence of problems must 
be read i n  before the problem decks are  read in .  Only one source 
l i b r a r y  may be read i n  a t  a t ime. Therefore,  i f  s e v e r a l  problems 
a r e  t o  be run i n  sequence, they must a l l  u se  the  same source l i b r a r y .  
The inpu t  q u a n t i t i e s  comprising the  problem and l i b r a r y  data a r e  
l i s t e d  and defined as follows: 
Problem lkta 
MA Number of sub-areas (a p o s i t i v e  i n t e g e r ) .  
NE Number of energ ies  (a p o s i t i v e  i n t e g e r ) .  
This  must be the  same i n  the problem data 
and source l i b r a r y .  
SLOPE Slope of t he  hypotenuses of a l l  t r i a n g u l a r  
sub-areas i n  a p a r t i c u l a r  problem (a decimal 
number ) e  
S EP Source-detector s epa ra t ion  d is tance ,  i n  em 
(a decimal number). 
YSLIB I d e n t i f i c a t i o n  number of source l i b r a r y  (a 
decimal number). 
63 through 68 of: source library cards .  





Thickness of r a d i a t o r ,  i n  cm (a decimal 
number ) 
Number of e l e c t r o n s  per cm3 i n  r a d i a t o r  
(a decimal number w i t h  exponent).  
Number of p o i n t s  i n  X-mesh f o r  sub-area K 
(a p o s i t i v e  i n t e g e r :  NA va lues ) .  
Number of p o i n t s  i n  Y-mesh f o r  sub-area K 
(a p o s i t i v e  i n t e g e r :  NA va lues) .  
32 
Problem Data (cont 0 d ) 
Denotes r ec t angu la r  (KT = 0 )  or t r i a n g u l a r  
(KT = 1) sub-area (NA va lues) .  
NE 
MMAX 
X-coordinate S% lower %eft corner  of sub-area 
K, i n  ern (a decimal number: MA values) .  
Y-coordinate of lower l e f t  corner  of sub-area 
K9 in crn (a decimal number: NA va lues) ,  
I n t e r v a l  between p o i n t s  i n  X-mesh of sub-area 
K, i n  em (a decimal number: MA va lues) .  
I n t e r v a l  between p o i n t s  i n  Y-mesh of sub-area 
M, i n  ern (a deefmal number: NA values) ,  
Defined under problem data, 
Number of values  of R f o r  which source p o i n t s  
are defined (a p o s i t i v e  i n t e g e r ) ,  
Number o f  values of a f o r  which source 
pofn$s a m  defined (a. p o s i t i v e  i n t e g e r ) .  
Values of R i n  cm a t  which sources  are 
defined (a decimal number: MMAX values  i n  
Increasing orde r  ) 
Values of a a t  wh2ch Eources a r e  defined; 
ha8 u n i t s  sf degrees (a  decfmal number: "AX 
vali~es i n  inereasfng  o rde r  
Average energy i n  Mev of group-L photons (a 
decimal, number with exponent : NE values  ). 
Lower energy bound of group L (a decimal 
number wKf th  exponent: NE values  
important t o  no te  tha t  E(L  = ME 
be zero, and the  highest  energy group must 
be Group Po 
Source %erm ( f l u x )  f o r  ener  y group L, r ad ius  
R l ( P I ) ,  and angle  ALPHAl(N) ?a decimal number 
wfkh exponent: ME 0 MMAX 0 NMAX va lues) .  
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L i m i t s  on Quantity of Input Data. The q u a n t i t y  of input  da t a  i s  
l i m i t e d  by the fol lowing maximum values:  











Input Data Formats. Formats f o r  prepar ing  input  data are  shown 
i n  F igures  6 and 7. The f i rs t  card of t h e  problem deck conta ins  no 
data. The f i r s t  card of a source l i b r a r y  has a 1 i n  Column 10. The 
r u l e s  f o r  en ter ing  i n p u t  on data s h e e t s  a r e  o u t l i n e d  i n  Sec t ion  2.1.1. 
2.1.2.4 SI.4 Output Cata 
Output from the program c o n s i s t s  of the fo l lowing:  
1. T o t a l  f l u x  a t  d e t e c t o r ,  
2. Flux spectrum a t  d e t e c t o r ,  
3,  T o t a l  flux and f l u x  spectrum from each sub-area. 
4. Frac t ion  of t o t a l  f l u x  a t  the  d e t e c t o r  from each 
sub-area. 
2.2 Calculat ions 
Calculat ions have been c a r r i e d  out by u s e  of the programs 
~ 
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from t h e  r a d i a t o r s  of: t y p i c a l  unshlelded SNAP-&powered spacec ra f t  
having rec tangular -  and triangular-shaped r a d i a t o r s  e Resu l t s  of 
t h e s e  c a l c u l a t i o n s  a r e  discussed i n  the subsec t ions  t ha t  follow. 
2 , 2 , l  Geometry of Radiator Systems 
Two r a d l a t o r  conf igura t ions  based on s p e c i f f c a t i o n s  given i n  
Reference 1 were t r e a t e d :  t h e  "f la t"  conf igura t ion  shown on page 7 
and the  **YYs conf igura t ion  a h o m  on page l a ,  
c o n s i s t s  of two rectangular-shaped r a d i a t o r s  ly ing  oppos i te  one 
another  i n  t he  same plane,  one on each s ide  of t h e  a x i s  of t h e  
spacec ra f t ,  The Y configurat ion c o n s i s t s  of t h r e e  t r iangular-shaped 
r a d i a t o r s  mounted r a d i a l l y  about t h e  spacec ra f t  a x i s ,  each w i t h  the  
same axial  p o s i t i o n ,  
The flat conf igura t ion  
The geometries used i n  these  c a l c u l a t i o n s  are shown i n  F igures  
8a and 8b, 
conf igura t ion ,  s o  t ha t  the total .  flux would then be twice t h e  f l u x  
from a s i n g l e  r a d i a t o r  i n  t h e  f l a t  conf igura t ion  and three t imes the  
f l u x  from a s i n g l e  r a d i a t o r  i n  +,he 'Y conf igura t ion ,  The c i r c l e d  
numbers i n  Figure 8 i n d i c a t e  t h e  d e t e c t o r  l oca t ions  used i n  the  
e a l c u l a t i o n s ,  Detectola 1 eolneides  w%Ch t h e  loca t ion  of t he  s c i e n t i f i c  
payload, Detector 2 with t h a t  sf t h e  %on-propu%s%on-system p rope l l an t  
tank, 
Calcu la t ions  were performed for a s i n g l e  r a d i a t o r  of each 
For  purposes of ca lcu la t ion ,  the  r a d i a t o r s  i n  both configura- 
t i o n s  were assumed %Q cons i s t  e n t i r e l y  of aluminum and t o  be 0.45-cm 
t h i c k .  (By t h e  present  method ofy ca l cu la t ion ,  the  s c a t t e r e d  f l u x  i s  
d i r e c t l y  p ropor t iona l  t o  r a d i a t o r  th ickness ,  ) 
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2 , 2 , 2  Source Terms 
20 20 20 P Method of Calculat ing 
Both neutron and gamma soiprce terms were obtained by use of the 
@D/FW sh ie ld  p e n e t r a t i o n  program, @-17 (Ref, 3). The r e a c t o r  core  
was treated as a number emf poin t  s~ )u rces ,  The output  from t h i s  
program c o n s i s t s  of d i f f e r e n t i a l  f l u x e s  Cpar~lcaes/@m*-sec-Mev-power 
u n i t  ) and dose rates, H~wever, t h e  r ad ia to r - sca t t e red  gamma ca lcu la-  
t i o n  ( ~ 1 4 )  requires that she source terms cons i s t  of fluxes 
(particLes/cm2-sec-power un%t 1 i n s t ead  of d i f f e r e n t i a l  fluxes, 
order  to use i n  the  SI4 program t h e  gamma source data generated by the 
In 
C-17 program9 the foP1owing procedure w a 8  used: 
1, The d%f%ekent%al g a m  spectrum a t  each radius and angle 
wa.s n o r m l i z e d  to the value at 0 - 2 5  Mev. 
2, An average n o m l f a e d  spectrum was ca lcu la t ed  from the 
normaltzed spectra obtained i n  Step lo This was p o s s i b l e  
s lnce  the normalized spec t r a  were a l l  q u i t e  similar i n  
shape, 
3., The average normalfzed specbrum was then i n t e g r a t e d  over 
eneygy i n t e r v a l s  to obta in  r e l a t i v e  group f l u x e s ,  The 
flux-weighted energy f o r  each energy group was a l s o  
caYcuabrz% ed 
4, The group f l u e s  kphatsns/@m2-sec-watt ) a t  each ang le  and 
r a d i u s  were then  obtained by mult iplying t h e  d i f f e r e n t i a l  
f l ux  a t  0,25 Mev f o r  each angle and r a d i u s  by the r e l a t i v e  
group fluxes ca lcu la ted  i n  Step 3 0  
The source terms required by the SO6 program f ~ r  the neutron 
ca%cu%at i sns  are t h e  d i f f e r e n t i a l  fluxes ca l cu la t ed  by the @-IT 
sh i e ld  p e n e t r a t i o n  program. Since r e s u l t s  obtained from the r a d i a t o r -  
Scat tzFzd n z u t r o n  ?YGgFE.% (so6 ) were the 9@8ttPrPPd differential 
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f l u x e s  a t  each de tec tor ,  it was necessary to i n t e g r a t e  these r e s u l t s  
over energy to obta in  the t o t a l  s c a t t e r e d  f luxes .  
The neutron and gamma source terms f o r  an unshielded SNAP-8 
r e a c t o r  are  given i n  Tables I and 11. 
2,2,2,2 Reactor Geometry and Composition 
The composition and geometry of the unshielded SNAP-8 r eac to r ,  
as used f o r  input t o  t h e  shield p e n e t r a t i o n  program, were obtained 
from References 4 and 5 and are  ind ica t ed  below. 
cent imeters  ., 
Dimensions are  i n  
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The Roman numerals i n d i c a t e  reg ion  numbers. The composition of 
each region 1s as fo l lows:  
Densit 
Region Mater ia l  bgrn/cmS 
I (co re )  NaK 0 0705 
H 0,0898 
Z r  4,82 
u-235 00 596 
Ha s t  elloy-N 0,082 
I%, %PI, m Pe 8,o 
V Be 1,84 
VI, VI1 Al 0,74 
2 , 3  R e s u l t s  
2 , 3 , l  F l u  and Dose 
For  an unshielded SNAP-8 reac tor ,  the s i n g l e  s c a t t e r e d  neutron 
and gamma spec t r a  a t  the payload (Detector  1 i n  F igure  8) are given 
in Flgures  9 and ll, For p u q ~ o s e a  of comparison, t he  unshielded 
direct-beam neutron and gamma spec t ra  a t  the same d e t e c t o r  p o s i t i o n s  
ape shown f n  F igures  10 and 12, The dfrect-beam s p e c t r a  were obtained 
from t h e  source data i n  Tables I and 11, The In t eg ra t ed  neutron 
f l u x e s  and gamma dose rates a r e  g iven  i n  Tables PI1 and IV, It should 
be pofnted out  tha t  the  unshielded dose rates and f l u x e s  repor ted  are 
those  from a s i n g l e  r a d i a t o r  multfplfed by 2 i n  the  f l a t  conffgura- 
t f o n  and by 3 f n  the  Y configurat ion,  A r e a c t o r  power of 600 k w  
thermal was assumed, The neutron e l a s t i c  s c a t t e r i n g  c r o s s  s e c t i o n s  
and c o e f f i c i e n t s  f o r  the Legendroe expansions f o r  aluminum were taken 
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Figure 9. Single-Scattered Neutron Spectra at Payload 
.for Flat and Y Configurations 
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Figure 10. Direct-Beam Neutron Spectra at Payload 
for Flat and Y Configurations 
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Figure 11. Single-Scattered Gamma Spectra at  Payload 
for Flat and Y Configurations 
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Figure 12. Direct-Beam Gamma Spectra at Payload 
for Flat and Y Configurations 
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TABLE I11 
F l a t  conf igura t ion  
TOTAL NEUTRON FLUX ABOVE 0.33 MEY 
(neutrons/cm2-sec-6OO kw) 
Y Configuration 
A t  Payload 
Sca t te red  
Direct Beam 
A t  Propel lant  Tank 
Scat tered 
Direct B e a m  
A t  Payload 
Sca t te red  
Direct Beam 
A t  Propel lant  Tank 
-___ 
F l a t  Configuration Y Configuration 
1 5x102 4.  3x102 
1 3x104 4 .3~103 
8 1 . 2 X l O  
2 . 6 ~ 1 0 9  
1 e 5x108 
4.0~109 
TABLE IV 
GAMMA DOSE RATES 
(r/hr-600 kw) 
1.1x108 
8 8 . 9 ~ 1 0  
1. 7x108 
1.1~109 
Sca t te red  
Direct Beam 
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The s c a t t e r e d  gamma dose r a t e s  were obtained by the  fol lowing 
expression:  
where j?ii = group -b gamma f l u x ,  
fi = flux-to-dose conversion f a c t o r ,  approximated from the 
curve on page 19 0% Reference 7 ,  
The direct-beam dose rates were obtained frpom the  C-17 sh ie ld  
p e n e t r a t i o n  program result  B 
2, 30 2 Re la t ive  Importance of Radiator  Regions 
Of i n t e r e s t  1% the  r e l a t i v e  importance of var ious  segments of the  
r a d i a t o r  wi th  regard t o  s c a t t e r i n g ,  With the f l a t  conf igura t ion  
divided i n t o  t h r e e  equal  areas, as shown below, the percentage of 
t o t a l  scattered neutron f lux  above  0 , 3 3  Mev cont r ibu ted  by each area 
i s  as folbows: area 1, 7 6 ;  area 2, 2076; and area 3 , l O $ ,  The per- 
centage of s c a t t e r e d  gamma dose rate cont r ibu ted  by each area is:  
fop area l9 73%; f o r  area 2, 19; and for area 3, 8%o 
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Next, consider  t h e  source-detector  s c a t t e r i n g  su r face  arrangement 






For an angular-independent source term that  v a r i e s  as l/r2, i t  
can be shown t h a t  the  s c a t t e r e d  f l u x e s  cont r ibu ted  by a r e a s  A and B 
are equal. This i s  t r u e  because, f o r  a given s c a t t e r i n g  "poin t"  i n  
a r e a  A, t h e r e  w i l l  be a "poin t"  i n  a r e a  B for which the s c a t t e r i n g  
ang le  and geometric a t t e n u a t i o n  from source t o  d e t e c t o r  w i l l  be equal  
t o  t he  s c a t t e r i n g  angle  and t o t a l  geometric a t t enua t ion ,  r e spec t ive ly ,  
f o r  a r e a  A, 
2.4 Discussion of Resu l t s  
2 ,O. l  Limitat ions 
The most important l i m i t a t i o n s  on the  r a d i a t o r  s c a t t e r i n g  
c a l c u l a t i o n s  a r e :  
1, Neglect of a t t e n u a t i o n  i n  t he  r a d i a t o r .  
2, Consideration only of s i n g l e  s c a t t e r i n g .  
3. Uncer ta in t ies  i n  the source terms, p a r t i c u l a r l y  the  neutron 
source term. 
The e r r o r s  introduced by t h e  f i rs t  two l i m i t a t i o n s  compensate each 
o t h e r  t o  some degree. It i s  not  c e r t a i n  tha t  the  e f f e c t s  of e i ther  
a.re s i g n i f i c a n t  e 
Attenuat ion is neglected because account ing f o r  i t  would r e q u i r e  
e i t h e r  that t h e  r e s c t o r  be t r e a t e d  as  a number of source p o i n t s  o r  
tha t  a detai led knowledge of t h e  angular  d i s t r i b u t i o n  of t he  r a d i a t i o n  
leaving  t h e  r e a c t o r  su r face  be obtained and an i n t e g r a t i o n  performed 
over the  sur face  sf" t h e  r e a e t a r ,  The l a t t e r  approach would be t h e  
b e t t e r  of t h e  two but, a t  present ,  methods are  not a v a i l a b l e  which 
would g ive  t h e  necessary angular  d i s t r i b u t i o n  of leakage r a d i a t i o n .  
It should be pointed out that ,  whlle the  r e a c t o r  i s  assumed t o  be a 
po in t  source a s  f a r  as the geometry involved i n  t h e  s c a t t e r i n g  
c a l c u l a t i o n s  i s  concerned., t h e  source terms used i n  t h e  s c a t t e r i n g  
c a l c u l a t i o n s  were obtained by t r e a t i n g  t h e  r e a c t o r  core  as a number 
of po in t  sources ,  
In  using t h e  s h i e l d  pene t r a t ion  program (Cl7, R e f ,  3 )  f o r  calcu- 
l a t i n g  neutron f l u x e s  f rom systems which c o n s i s t  of both hydrogenous 
and nonhydrogenous materials, one i s  faced  w i t h  c e r t a i n  bas ic  l i m i t a -  
t i o n s  inhe ren t  in the  a p p l i c a t i o n  of" moments method data t o  neutron 
p e n e t r a t i o n  calculations, The most important of these a r e :  
1, Diff icuPty i n  choosing t h e  proper  r e fe rence  material. 
2,  Unce r t a in t i e s  due t o  boundary e f f e c t s ,  
This  p o i n t s  out  t h e  importance of more s o p h i s t i c a t e d  methods f o r  
determining neu+,ron soume terms, 
A peasonable e s t ima te  of the  e r r o r  introduced by the assumptions 
and u n c e r t a i n t i e s  discussed above cannot be made, 
2,4 2 General Observations 
From Reference 1, page 5, the t o t a l  allowed r a d i a t i o n  doses i n  
the payload area  are 10n3 n/cm2 and lo9 ergs/gm(C) f o r  neutrons and 
gammas, respec t ive ly .  For a 104-hour opera t ing  per iod,  t he  maximum 
al lowable neutron f l u x  and gamma dose ra te  are  then 2 .8~105 n/cm2-sec 
and 103 r/hr9 respec t ive ly ,  By comparing these numbers w i t h  those  i n  
Tables  EPI and IT, one can see that,  i n  the p a r t i c u l a r  spacec ra f t  
treated i n  these  ca l cu la t ions ,  i t  w i l l  be necessary t o  s h i e l d  a g a i n s t  
both s c a t t e r e d  and direct-beam neutrons,  The gamma sh ie ld ing  requi red  
wflP depend on the gamma a t t e n u a t i o n  o f fe red  by t h e  neutron sh ie ld ing .  
Since the s c a t t e r i n g  c ros s  s e c t i o n  f o r  aluminum decreases  with 
increasfng  neutron energy and i t s  d i f f e r e n t i a l  e l a s t i c  s c a t t e r i n g  
becomes h ighly  an i so t rop ic  w i t h  i nc reas ing  neutron .energy, it’ i s  $he 
%cw-energy neutrons leaking from the  r e a c t o r  t ha t  c o n t r i b u t e  most of 
the  s c a t t e r e d  f l u x ,  One can s e e  t h i s  by comparing t h e  shapes of t h e  
s c a t t e r e d  and direct-beam neutron spec t ra ,  bearing i n  mind that energy 
l o s s  due t o  s c a t t e r i n g  i s  neg l ig ib l e .  This i s  fo r tuna te ,  s i n c e  i t  
is e a s i e r  t o  s h i e l d  a g a i n s t  low-energy neutrons than a g a i n s t  t hose  
of high energy, 
Conclusions and recommendations with regard  t o  r a d i a t o r  s c a t t e r i n g  
are  discussed i n  Sect ion 4 , l  of t h i s  r epor t .  
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?e%%, DIRECT-BEAM SHIELDING 
Shielding against: direct-beam r a d i a t i o n  bas been s tud ied  from 
t h e  s tandpoin t  of reducing the required s h i e l d i n g  by e i t h e r  s p l i t t i n g  
or uniformly expanding t he  sh ie ld  in orde r  t o  i nc rease  the  t r ansve r se  
Seakage sf vadia t ion  s c a t t e r e d  within the sh ie ld ,  The e f f e c t  of 
shield placement has also been considered, Results 0% Monte Carlo 
calcukationu performed a t  GD/FW t o  i n v e s t i g a t e  s h i e l d  expansion are 
presented,  and the resul ts  of ca l cu la t ions  performed by the  Technical 
Research Group t o  study s h i e l d  splitting are  discussed, Thus far, 
the @D/F%a study of dfreet-beam sh ie ld ing  has been confined t o  neutrons,  
3 0  I. Expanded-Shield Stqd les ,  
30 1-1 Geometry 
The gesmetky t a r  the expanded-shield @%Pculat%ons i s  shown below, 
Plane 
Souree Detector 
The shfekd was assumed t o  be a r igh t  c i reuPar  cy l inde r  of polyethylene,  
12 i nches  in diame%er, which was uniformly expanded u n t i l  QO$ and 80% 
vo id  fractions were achieved, I n i t i a l  shield th icknesses  of 9, 27$ 
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and 60 cm were considered, For  each of t h e s e  so l id - sh ie ld  thicknesses ,  
the  source-detector s epa ra t ion  d i s t a n c e  was assumed t o  be equal  t o  the 
th i ckness  of t h e  sh ie ld  when expanded t o  8@ void. 
each s h i e l d  was assumed t o  remain constant .  
The t o t a l  mass of 
3,1,2 Source 
The energy spectrum of t h e  source was taken t o  be t h e  same as 
that  leak ing  f rom a t y p i c a l  nuc lear  rocke t  engine r e a c t o r .  Although 
t h i s  spectrum d i f f e r s  considerably from t h a t  of the  SNAP-8 r eac to r ,  
the  g e n e r a l  conclusions drawn from t h i s  s tudy should be app l i cab le .  
Two source angular  d i s t r i b u t i o n s  - i s o t r o p i c  and monodirectional - 
were treated, 
3.1,3 Method of Calcu la t ion  
IBM procedure K97, a Monte Carlo program, was used t o  make the 
c a l c u l a t i o n s ,  A complete d e s c r i p t i o n  of the  c a l c u l a t i o n a l  method i s  
presented i n  Reference 8, 
3.1.4 Resul ts  
Uncollfded, s ca t t e r ed ,  and t o t a l  dose rates per source neutron 
per second are  presented i n  F lgures  13 through 18 as a f u n c t i o n  of 
void percent  f o r  both source angular  d i s t r i b u t i o n s  and each i n i t i a l  
shield th ickness ,  The uncol l ided  dose r a t e s  were c a l c u l a t e d  by 
conventional methods, The number of neutrons t ha t  leak from the s ide  
of the s h i e l d  per source neutron as a f u n c t i o n  of void percent  i s  
shown i n  Figures  19 and 20 f o r  a p lane  i s o t r o p i c  source and a p lane  
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Figure 13. Fffect of Expanding 9-cm Polyethelene Shield: 





















Figure 14. Effect of Expanding 27-cm Polyethelene Shield: 






















Effect of Expanding 60-cm Polyethelene Shield: 





Figure 16. Effect of Expanding 9-cm Polyethelene Shield: 
Plane Monodireciional Source 
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I 0-9 NPC 15,032 
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Figure 18. Effect of Expanding 60-em Polyethelene Shield: 




Figure 19. Transverse Neutron leakage for 
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Figure 20- Transverse Neutron leakage for 
Plane Monodirectional Source 
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Figures  13 through 15 i n d i c a t e  t h a t  t h e  t o t a l  dose rate from a 
p lane  i so t rop3s  source %s reduced by expanding the  s h i e l d ,  With an 
Ssot rspfc  s o u ~ c e  %he e f fec t iveness  of shield expansion i s  expected t o  
be at a max%mum when the s o w c e  i s  loca ted  a t  t h e  face  of a hydro- 
genous mater ia l ,  s ince s c a t t e r i n g  i s  predominantly in the  forward 
d i r e c t i o n ,  If the source were located a large d i s t ance  from t h e  
s h i e l d ,  t h e  inc iden t  r a d i a t i o n  would be more normal and the  e f fec t  of 
expansion would be reduced, 
The high magnitude of the uncol l ided dose ra te  r e l a t i v e  t o  the  
total dose rate for- the 60-em case (Fig,  15) i s  f e l t  t o  be caused by 
the  S Q U I " ~ ~  energy spectrum, 
the  naaJos con t r ibu t ion  t o  t h e  dose a t  t he  d e t e c t o r  results from 
neutrons whicn s r i g l n a t e  a t  the  source with energ ies  of less than  
5o0 Mev, A 4Q00-cm th ickness  of polyethylene,  however, removes most 
oQ those neutrons with energ ies  below 5,,Q M e V ,  Since the s c a t t e r i n g  
cross section decreases  as the energy increases ,  the  uncol l ided  dose 
rate becomes more important %or polyethylene th icknesses  g r e a t e r  than  
40 em, T h i s  l a t t e r  e f fec t  would not  be as  no t i ceab le  f o r  the  SNAP-8 
spec%mna9 s i n c e  this spec%rmm 9s harder than  tha t  used i n  the  calcu- 
l a t i o n  reported here, 
POP small th icknesses  sf polyethylene,  
P%gums 16 and 17 i n d i c a t e  that ,  f o r  s h i e l d  th ickness  of 9 and 
27 cm and f o r  a monodirectional source, t he  e f f ec t  of expanding the  
shield toward the  d e t e c t o r  is t o  i nc rease  the dose rate, T h i s  i s  
bzcauae the effect  or  rr;oving scatterPizg p 9 i n t s  c lcser  t o  t h e  d e t e c t n r  
i s  greater than tha t  of increas ing  the t r ansve r se  leakage, 
Figure  18 i n d i c a t e s  tha t  f o r  a p l a i n  monodirectional source and 
a 60-cm shield thickness ,  t h e  r e s u l t  of expanding the  s h i e l d  toward 
the d e t e c t o r  is ,  first, t o  decrease and, then, t o  i n c r e a s e  t h e  
s c a t t e r e d  dose. Th i s  i s  probably due t o  the larger source-detector  
s epa ra t ion  d i s t ance  used i n  t h i s  case,  
f r a c t i o n a l  change i n  sepa ra t ion  d i s t ance  between s c a t t e r i n g  p o i n t s  
c l o s e r  t o  the  source, where the s c a t t e r i n g  i s  highest, i s  less than  
tha t  i n  the  o the r  cases  which used s h o r t e r  source-detector  s epa ra t ion  
d i s t ances .  
t he re fo re ,  compensates for t h e  decrease i n  geometric a t t enua t ion ,  
which r e s u l t s  from moving s c a t t e r i n g  p o i n t s  c l o s e r  t o  the source. 
With f u r t h e r  expansion, t he  e f f e c t  of' moving the s c a t t e r i n g  p o i n t s  
c l o s e r  t o  t h e  de t ec to r  i s  g r e a t e r  than the i n c r e a s e  i n  t r a n s v e r s e  
leakage and t h e  dose-rate  i nc reases .  If the  d i s t a n c e  from s h i e l d  
t o  d e t e c t o r  had been he ld  constant  and the sh ie ld  expanded toward 
the  source, the  oppos i te  e f f e c t  would have been observed s i n c e  the  
s c a t t e r i n g  p o i n t s  would be moving far ther  from the de tec to r .  T h i s  
i l l u s t r a t e s  t h e  importance of proper  placement of t he  sh ie ld  with 
r e spec t  t o  source and de tec to r .  
With a 40$ expansion, the 
The i n c r e a s e  i n  t r ansve r se  leakage due t o  a 40$ expansion, 
F igures  19 and 20 i n d i c a t e  that  most of t he  i n c r e a s e  i n  t r ans -  
verse  leakage due t o  expansion i s  due t o  expansion of t h e  f i rs t  f e w  
mean f ree  pa ths  of the  s o l i d  sh i e ld .  T h i s  I s  e s p e c i a l l y  t rue for 
t h e  i s o t r o p i c  source, as  can be noted by the  f a c t  that  the data f o r  
the three sh ie ld  th icknesses  are  q u i t e  c l o s e  toge ther .  
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Since those neutrons wh%cb leak from t h e  s i d e  of the  s h i e l d  
could reach khe d e t e c t o r  by s c a t t e r i n g  o f f  r a d i a t o r s  o r  o t h e r  
s t r u c t u r e ,  i t  may be necessary t o  consider  them i n  c a l c u l a t i n g  t h e  
r ad ia to r - sca t t e red  dose r a t e s  f o r  a composite s h i e l d  conf igura t ion ,  
The spectrum of neutrons leaking from t h e  sh ie ld  would be s o f t e s  
than t h e  source spectrum, s i n c e  neutrons from t h e  s h i e l d  would have 
undergone c o l l i s i o n s  i n  a moderating medium, The spectrum a t  the 
d e t e c t o r  due t o  t h e s e  neutrons would be even s o f t e r ,  as ind ica t ed  by 
the  d iscuss ion  i n  Sect ion 2,4,2, 
The r e s u l t s  j u s t  discussed i n d i c a t e  that  i t  i s  p o s s i b l e  t o  
ob ta in  s ignif ' lcant  reduct ion I n  neutron dose r a t e  by expanding the  
dfrect-beam sh ie ld ,  but that  t he  e f f e c t  of expansion i s  dependent on 
s e v e r a l  f a c t o r s ,  t h e  more important of which a r e  angular  d i s t r i b u t i o n  
of source, %ni%fa$  ( s o l i d )  sh i e ld  th ickness ,  and source-detector  
s epa ra t ion  d i s t ance ,  The effect  of expansion w i l l  a l s o  be dependent 
on o t h e r  facters which were not  s p e c i f i c a l l y  covered i n  t h i s  study, 
These would be sh i e ld ing  mater ia l ,  source energy spectmm, configura- 
t i o n s  of source and de tec tor ,  r a t i o  of source-detector  s epa ra t ion  
d i s t a n c e  t o  sh ie ld  diameter, and s h i e l d  placement, I n  a c t u a l  design, 
one would consider  the  gamma dose r a t e  and expansion i n  connection 
with s p l i t t i n g  ( f e e , ,  breaking t h e  sh ie ld  i n t o  seve ra l  s e c t i o n s  and 
r e - d i s t r i b u t i n g  t h e s e  s e c t i o n s  
3 0 2  S p l i t  Shield Considerations 
reslcllts sf a Mgnte Carlo sti_zd;y nn t h e  effect  of" splitting 
and placement of shadow s h i e l d  conf igura t ions  appropr i a t e  t o  manned 
nuclear  rocke t  and ion-propelled veh ic l e s  has been repor ted  by 
Aronson et a l ,  i n  Reference 9. I n  that  study, the  geometry of the  
source-shield-detector  conf igura t ion  was a x i a l l y  symmetric and 
cons is ted  of t he  source, a d i sc ;  the  sh i e ld ,  a set  of cy l inde r s  
placed end-to-end; and t h e  de t ec to r ,  a c y l i n d r i c a l  cav i ty .  The s tudy  
considered both hydrogenous and nonhydrogenous shields.  On pages 
21, 22, and 23 of  Reference 9 are l i s t e d  t e n  t e n t a t i v e  conclusions 
which Aronson e t  a l ,  had obtained from t h e i r  Monte Carlo r e s u l t s .  
The f i rs t  three of these conclusions are (1) the neutron f l u x  t r ans -  
m i t t e d  through a nonhydrogenous sh ie ld  can be reduced apprec iab ly  by 
s p l i t t i n g  t h e  s h i e l d  i n t o  two or more segments, ( 2 )  the  dose reduct ion  
f a c t o r  i nc reases  as the  r a t i o  of the source-detector  s epa ra t ion  
d i s t ance  t o  t h e  shield r a d i u s  inc reases  u n t i l  the r a t i o  i s  so large 
that the  unsca t te red  f l u x  predominates i n  the dose, and ( 3 )  the  dose 
reduct ion due t o  s p l i t t i n g  t h e  s h i e l d  i n c r e a s e s  w i t h  the  th ickness  of 
the sh ie ld ,  up t o  some l i m i t i n g  th ickness .  
These conclusions a r e  based mainly on the i r  Monte Carlo r e s u l t s  
f o r  a carbon s h i e l d  i n  which the  s h i e l d  th i ckness  was f o u r  fee t  and 
t h e  d i s c  source was emi t t ing  neutrons with ene rg ie s  i n  t h e  f i s s i o n  
spectrum and i n  d i r e c t i o n s  def ined by a cos ine  d i s t r i b u t i o n .  The 
source-detector  separa t ion  d i s t ance  used i n  the carbon-shield 
problems of i n t e r e s t  i n  t h i s  d iscuss ion  was 75 f e e t  and the s h i e l d  
r a d i u s  was f i v e  f e e t ,  These problems were run for cases  where (1) 
t h e  shield was located midway between the  source  and de tec to r ,  
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( 2 )  the s h i e l d  was s p l i t  i n t o  two equal segments w i t h  one segment 
loca t ed  one-third the way from the source t o  t he  d e t e c t o r  and the 
o t h e r  segment two-thirds of t h e  way, and (3)  t h e  s h i e l d  s p l i t  i n t o  
f o u r  equal  segments, wi th  a segment Located a t  L/5> 2/5, 3/5, and 4/5 
sf the  d i s t a n c e  between the source and d e t e c t o r ,  
for these problems are  denoted as ( l /2 ) ,  (l/3, 2/3), and (l/5, '2/5$ 
3/59 4/5 r e spec t ive ly ,  The r e s u l t s  for each conf igura t ion  a r e  
shown i n  T a b l e  V, 
The conf igura t ions  
TABLE V 
NEUTRON FLUXES FOR VARIOUS SHIELD CONFIGUFUTGONS 
Uncollided Flux 
(n/cm2-sec) @on% i g u r a t  i o n  
To ta l  Flux 
(n/cm2-sec 9 
2 , 5 X l O " ~ ~  
2,4x10-a-l 
l a 9 2 ~ l O - l ~  
2 , 4 X l O " ~ *  
9 6x10- l1 
7,gxno-al 
The r e s u l t s  shown for Configuration (l/3, 2/31 are  the  average 
of t he  r e s u l t s  given i n  Table  6 of Reference 9 f o r  problems 62 and 
62A, These r e s u l t s  show tha t  s p l i t t i n g  t h e  s h i e l d  i n t o  two segments 
reduces the f l u x  i n  t h e  de t ec to r  c a v i t y  by 60% a n d ' t h a t  s p l i t t i n g  i t  
i n t o  f o u r  segments reduces t h e  f l u x  by 67Po 
"Phe uncol l ided  f l u x  should be the same for a l l  t h r e e  configura- 
t i o n s ,  A hand c a l c u l a t i o n  performed l a t e r  I n  t h i s  study t o  determine 
t h e  d i r e c t - b e a m  cmponen t  gave 2 . 8 8 X l O " ~ l  r?,/(.m2-sPC as the  1_?ficnllided 
f l u x ,  so that the  uncol l ided  f l u x e s  i n  Table V appear t o  be under- 
estimates, e s p e c i a l l y  t ha t  f o r  Configuration (1/3, 2/3). 
An examination of t h e  geometries shown i n  F igure  21 f o r  
Configurations (1/2) and (1/3, 2/3) reveals that  none of the  neutrons 
inc iden t  on the  s h i e l d  i n  Configuration (1/2) w i l l  e n t e r  the shield 
at an ang le  g r e a t e r  than  16 deg, S imi la r ly ,  t h e r e  w i l l  not  be any 
neutrons en ter ing  t h e  s h i e l d  of Configuration (l/3, 2 / 3 )  a t  ang le s  
g r e a t e r  than 23 deg. 
d i r e c t i o n a l  source, as descr ibed i n  Sec t ion  3.1.4, can be used t o  
examine t h e s e  conf igura t ions .  
of t h e  sh ie ld  toward  the source reduces t h e  f l u x  a t  the  de t ec to r ,  and 
that expansion of t h e  shield toward t h e  d e t e c t o r  i nc reases  the  
de tec ted  flux. 
noted t h a t  the  e f f e c t  of an inc rease  i n  sh ie ld  t r a n s v e r s e  leakage was 
less than t h e  e f f e c t  of moving t h e  s c a t t e r i n g  c e n t e r s  c l o s e r  t o  t he  
de tec to r .  
It appears, then, that  t h e  r e s u l t s  f o r  the mono- 
These r e s u l t s  i n d i c a t e  that  expansion 
In expanding t h e  s h i e l d  toward t h e  de t ec to r ,  i t  was 
Another th ing  t o  no te  about t h e  two conf igura t ions  i l l u s t r a t e d  
i n  F igure  21  i s  t h a t  twice as many source neutrons w i l l  e n t e r  t h e  
sh ie ld  i n  Configuration (l/3, 2/3) as w i l l  e n t e r  the  sh ie ld  i n  
Configuration (1/2)* 
verse  leakage t h a t  might be expected i n  Configurat ion (1/3, 2/3) over  
t ha t  i n  Configuration (1/2) w i l l  be great enough t o  overcome the  
e f f e c t  of adding more source p a r t i c l e s  i n t o  the  s h i e l d  system and 
the  e f f e c t  of moving t h e  s c a t t e r i n g  p o i n t s  i n  the second s e c t i o n  of 
Configuration (1/3, 2/3) toward t h e  d e t e c t o r .  
It i s  not  evident  that  t h e  a d d i t i o n a l  t r ans -  
I n  o rde r  t o  s e t t l e  some of t h e  ques t ions  r a i s e d  on the  magnitude 
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Figure 21. Geometries for Configurations (1 /2) and (1 /3, 2/3) 
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of Configurations (1/2) and (l/3, 2/3) were prepared and run on the  
General E l e c t r i c  F l e x i b l e  Monte Carlo Code FMC-N ( R e f .  10). The 
r.c-sults of t he  FMC-N c a l c u l a t i o n s  gave 3.52~10'9 n/cm2-sec f o r  
Configuration (1/2 ) and 5.59~10-9 n/cm2-sec f o r  Configuration 
(l/3, 2 / 3 ) .  
higher  than those g i v e n  i n  Table V and that the  f l u x  i n  t h e  d e t e c t o r  
c a v i t y  of Configuration (l/3, 2/3) i s  h igher  than  t h a t  i n  t he  c a v i t y  
of Configuration (1/2)* 
It i s  t o  be noted that t h e s e  f l u x e s  a r e  considerably 
In  add i t ion  t o  g iv ing  t h e  t o t a l  f l uxes ,  the  FMC-N code p r i n t s  out  
t h e  number current  leaking out of the  main geometry i n t o  ou t s ide  
regions.  
I s  based on the method of s t a t i s t i c a l  es t imat ion ,  whereas the  
current-leakage e s t ima to r  i s  an analog es t imator .  These cur ren t -  
leakage r e s u l t s ,  normalized t o  one p a r t i c l e  p e r  second en te r ing  the 
sh ie ld ,  show t h a t  the  leakage i n t o  Outside Regions I11 and I V  of 
Configuration (1/2) i s  approximately t h e  same as t h e  leakage i n t o  
The f l u x  e s t ima to r  used i n  t h e  FMC-N t o t a l  f l u x  c a l c u l a t i o n s  
Outside Regions 111, IV, and V of Configuration (1/3, 2 / 3 ) .  The 
f r a c t i o n  of t h e  neutron leakage i n t o  O u t s i d e  Region V I 1  of Configura- 
t i o n  (1/3, 2 / 3 )  p e r  neutron inc iden t  on t h e  s h i e l d  was about 8@ of 
t h e  leakage i n t o  O u t s i d e  Region V I  of Configurat ion (1/2). 
Based on the  f a c t  that  twice as many of the  neutrons leav ing  the  
source w i l l  en t e r  t h e  f i rs t  s h i e l d  segment of Configuration (1/3, 2 / 3 )  
as w i l l  e n t e r  the  s h i e l d  i n  Configuration (1/2), it was found tha t  
about 40$ more neutrons w i l l  e n t e r  Outside Region V I 1  of Configura- 
t i o n  (1/3, 2/3) a s  w i l l  e n t e r  Outside Region V I  of Configurat ion (1/2). 
w 
c 
The ratio of the leakages into Outside Region VI of Configuration 
(1/2) and Outside Region VI1 of Configuration (l/3, 2/3) is approxi- 
mately the same as the ratio obtained from the expectation fluxes in 
the detector cavities of both configurations. 
The differences in the magnitudes of the fluxes computed by the 
use of FMC-N and those shown in Table V, as well as the fact that the 
FMC-N results do not support the conclusions given in Reference 9, 
are disturbing, 
a minimum-weight reactor shield for spacecraft applications, it is 
recommended that further work be performed to investigate the concept 
of split shielding 





%V. CONCLUSIONS AND RECOMMENDATIONS 
4 , l  Radiator  S c a t t e r i n g  
For the p a r t i c u l a r  type  of spacec ra f t  geometries treated i n  
Sect ion 2.4,2 of t h i s  r epor t ,  i t ,  w i l l  be necessary t o  s h i e l d  a g a i n s t  
t h e  s c a t t e r e d  neutrons as w e l l  a s  the direct-beam neutrons and gammas. 
The s c a t t e r e d  neutrons,  due t o  low-energy r a d i a t i o n  leaking from t h e  
r eac to r ,  w i l l  be somewhat easier t o  s h i e l d  a g a i n s t  than t h e  d i r e c t -  
beam neutrons.  
w i l l  no t  be necessapy f o r  t h e  r eac to r  s h l e l d  t o  be such tha t  a l l  parts 
of the  r a d i a t o r  a r e  sh i e lded  t o  the same degree. Considerable savings 
i n  weight can t h e r e f o r e  be made by proper ly  shaping t h e  s h i e l d .  
may a l s o  be p o s s i b l e  t o  ob ta in  a minimum-wefght s h i e l d  by p l ac ing  
s h i e l d i n g  around t h e  payload, 
As can be seen from t h e  r e s u l t s  i n  Sec t ion  2,3.2, i t  
It 
Since the  s c a t t e r e d  neutron f l u x  i s  a s i g n i f i c a n t  component, 
improvements i n  t h e  methods % o r  c a l c u l a t i n g  t h i s  component should be 
developed i n  o rde r  t o  remove some of t h e  u n c e r t a i n t f e s  discussed i n  
Sec t ion  2.4,,1,, 
With regard t o  t h e  study of r a d i a t o r  s c a t t e r i n g  ~f neutrons,  t h e  
fo l lowing  re@onmmend%tions are made, 
1. The e f f e c t  of sh i e ld ing  should be considered, In  p a r t i c u l a r ,  
t h e  p o s s i b i l i t y  of ob ta in ing  a minimum-weight s h i e l d  by 
proper  shaping and placement should be inves t iga t ed .  
2. The methods of a n a l y s i s  should be improved by determining 
t h e  importance of a t t e n u a t i o n  in the s c a t t e r i n g  ca l cu la t ions ;  
II 3 0  I ~ u I I u  0-.....A cn  Ir- ru,~vr 4.. . . . .*-4~-4- IrQIILI, E mn+'h..rrrJ rrP 4 = - 1 * . r J 4 - -  n + t n - . t - t 4 r \ r )  
the s c a t t e r i n g  c a l c u l a t i o n s  should be provided. 
i i i c  e g i u u  u L  A i i b  A u u L i i e  a u u c i l u u  uLLvii in 
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3. The development and use  of improved methods f o r  c a l c u l a t i n g  
neutron source terms should be considered. 
4, Calcula t ions  should be performed t o  determine the  secondary 
gamma f l u x e s  due t o  neutron a c t i v a t i o n  of t he  r a d i a t o r .  
Program so6 can be used i n  i t s  present  form t o  c a r r y  out  
these ca l cu la t ions  f o r  both prompt and decay gammas. 
4 e 2 Direct-Beam Shie ld inq  
The fol lowing recommendations are  made concerning the  study of 





The e f f e c t  of s h i e l d  placement per  s e  should be given 
f u r t h e r  study . 
The combined e f f e c t s  of s p l i t t i n g ,  expanding, and placement 
should be s tud ied  w i t h  r e a l i s t i c  spacec ra f t  geometries and 
SNAP r e a c t o r  leakage spec t r a .  
Direct-beam sh ie ld ing  should be considered i n  connection with 
r a d i a t o r  s c a t t e r i n g ,  s i n c e  the l o c a t i o n  of the direct-beam 
sh ie ld ing  could have a marked e f f e c t  on the neutron f l u x  
inc iden t  on t h e  r a d i a t o r s .  
E f f o r t  should be d i r e c t e d  toward reso lv ing  the  apparent  
d i f f e rences  between TRG and GD/FW r e s u l t s  f o r  the s p l i t  
carbon s h i e l d  discussed i n  Sec t ion  3.2. 
up the need f o r  f u r t h e r  s tudy of s h i e l d - s p l i t t i n g ,  expansion, 
and placement. ) 
(This a l s o  p o i n t s  
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/FORTRAN Statements for SO6 
"JOB '9242 86  J A C K  G R I G S b Y  ( k  E J O N E 5  28'95) S a N e  8 0 1 1 8 4  
9 STRAP FORTRAN 
0 L I S T 8  
CS06 J A C K  GRIGSBY ( F  E JONES 2 8 9 5 )  






















ZSUMLL 9P 9 sx 
3R1 ,ALPHA1 9F 
K Z  ,PHIL  
9 SY 
9 xo 
4DELX rDELY 9 ATOM r S I G E L  
5NPX 9 NPY 9 KT r L L M A X  
6XL I6 9L1 9XLIBNO ,L IBNU 




1NA 9 x 1  9 Y 1  rDX 9NX * N E  'vTHICKpNX1 
2DY t N S  rNYM rXNY 95LOPE9NYl 9 V J  9 Y  
3R 9DSO rSEP r D  tTHETA9FMU 9 F 1  t P H l T  
* V I  r x  
9 ALPrlA 9 K S O  
,FNPX 9 X M  
4FNP.Y ,YM rMMAX rNMAX *CON1 rCON2 , C O N 3  ,CON4 g L L M A X 1  tXLL 
5NUMAXrSIGMA 
READ I N  LIBRARY DATA 
LB=O 
CALL L I B l ( L 1 )  
GO TO ( 1 0  ,1000  r L 1  
READ CONTROL CARD 
READ 20, L IRNO 
I F  ( L I B N O )  9 0 0  r 9 0 0  r 3 0  
10 CALL L I B  ( 3 H S 0 6  r X L I B N O  1 
20 FORMAT ( 6 1 1 0 )  
3 0  GO T O  ( 3 5  9 2 0 0  ) L I PNO 
_L 
77 
0 0 0 3  SO6 
0 0 0 4  5 0 6  
0 0 0 5  S O 6  
0 0 0 6  S O 6  
0 0 0 7  S O 6  
0008 5 @ 6  
0 0 0 9  SO6 
0 0 1 0  5 0 6  
0 0 1 1  5 0 6  
0 0 1 2  SO6 
0 0 1 3  SO6 
0 0 1 4  S O 6  
0 0 1 5  S O 6  
0 0 1 6  S C 6  
0 0 1 7  5 0 6  
0 0 1 8  SO6 
0019 506 
0 0 2 0  506 
0 0 2 1  SO6 
0 0 2 2  S O 6  
0 0 2 3  5 0 6  
0 0 2 4  5 0 6  
0 0 2 5  S O 6  
0026  5 0 6  
0 0 7 7  S O 6  
0 0 2 5  5 0 6  
0 0 2 9  S O 6  
0 0 3 0  SC6 
0 0 3 1  5 0 6  
0 0 1 2  SO6 
0 0 3 3  SO6 
0 0 3 4  5 0 6  
0 0 3 5  SO6 
0036 506 
0037 S O 6  
0 0 3 8  S O 6  
0 0 3 9  SO6 
0 0 4 0  SO6 
0 0 4 2  SO6 
0 0 4 3  SO6 
0 0 4 4  S O 6  
0 0 4 5  SO6 
0 0 4 6  bot, 
0 0 4 7  5 0 6  
0 0 4 8  SO6 
0 0 4 9  SO6 
0 0 5 0  506 
0 0 5 1  S O 6  
0 0 5 2  S O 6  
0 0 5 3  S O 6  
0 0 5 4  5 0 6  














0068 S O 6  
0069 506 
0070 S O 6  
0071 506 
0072 5 0 6  
0073 SO6 
0 0 7 4  506 
0075  SO6 
0076 SO6 
0 0 7 7  306 
0 0 7 8  SO6 
0 0 7 9  SO6 
0084 b06 
0085 SO6 
OOd6 5 0 6  
0087 SO6 
00 8 7 1'106 
0088 SO6 
G O 8 9  5 0 6  
0090 SO6 
0091 SO6 
0092 S O 6  
0 @ 9 3  S O 6  
0 0 9 4  506 
0095  S O 6  
0096 SO6 
O C 9 i  5 O h  
0 0 9 8  SO6 
0 0 9 9  SO6 
0 1 0 0  5 0 0  
0 1 0 1  S O 6  




0 1 0 6  506 
0 1 0 7  SO6 
0108 $06 







FORTRAN Statements for SO6 (Cont'd) 
-. _ _  -r-- ' ,. 
READ 3 4 0  9 ( N P Y ( I 0  r K = l r N A )  
RLAD 3 4 0  , ( ' c l ( K )  * K = l  9 P J A  
REAL? 3 5 0  , ( X 0 ( 1 0  , K = l  r N A  1 
R f A U  3 5 0  , ( Y O ( K )  r K = l  9 N A  
RtAb 350 , ( c I F _ I _ X  ( C l  ,K-l ,NA I 
R E A D  3 5 0  ( ( D E L Y  ( K )  r K y l  . P I A  I 
READ 36O, (ATOM(N\ I l  9 P J I J = l ,  N U f 4 A X  
READ 3701 ( Y L I H  INIJ) r N U = I  *NUMAX 1 
3 4 0  FCIRMAT (611U)  
350 FORMAT (6F10.7  1 
3 6 0  FORMAT ( 6 E l O . 4 )  
3 7 0  FORMAT ( 6F10.7 1 
c 
C 
I F  ( X S L I H  - Y S L . I H  9 0 0 0  *1100 , 9000  
9 0 0 0  PRINT 9 0 1 6  
9 0 2 0  FORMAT ( 1 7 H 1  WRONG I-IHRARY 
CALL END 9 
C 
1 1 0 0  L B C K  20 
DO 1 1 6 0  I=l 9 NlJPllAX 
DO 1 1 5 0  J = l  9 LE! 
I F  ( X L I H ( J )  - Y L I H ( I ) )  1150 9 1 1 4 0  11150 
L H C K  =LBCK + 1 
C 
1 1 4 0  L R R D ( 1 )  = J 
1 1 5 0  CONTINUE 
11 6 0  CONT I NLJE 
C 
I F  (LPCK -NIJMAX) 9100 91200 ,9100 
0100 PRINT 9110 
0 1 1 4  5Qt)  
0 1 1 5  506 
0116 5 C 6  
0 1 1 7  S O 6  
0 1 1 8  s o h  
0 1 1 9  506 
0120 5 0 6  
0 1 2 1  5 0 6  
0 1 2 2  5 0 6  
0 1 1 3  506 
0 1 2 4  S O 6  
0 1 7 6  S O 6  
0 1 2 7  Cx06 
0128 S O 6  
n i ~ o  506 
0131 5 0 6  
0 1 3 2  506 
0134  5 0 6  
0 1 3 5  5 0 6  
0 1 3 6  5 0 6  
0137 5 0 6  
0 1 3 8  5 ? 6  
0139 S G 6  
0 1 4 0  5 0 6  
0 1 4 1  5 0 6  
0 1 4 2  S C 6 '  
0 1 4 3  S O 6  
0 1 4 4  5 0 6  
0 1 4 5  5 0 0  
0 1 4 6  .>(I6 
0 1 4 7  506 
0 1 4 8  SO6 




1200 CALL SlJB M 
PRINT 9 2 5 0 9  P H I T  . 
9 2 5 0  FORMAT ( 2 Y H  TOTAL FLUX A T  DETkCTOR IS  9 1 P l E 1 0 . 3  1 
C 
PRINT 9 2 6 0  
PRINT 4 2 7 0 , ( P t i I L ( L )  , L = l ,  N E )  
9 2 6 0  FURMAT(43HO FLUX SPFCTRUM A T  DETECTOR BY INCREASING L )  
9 2 7 0  FORMAT ( l H O r l P 6 E 1 0 . 3 )  
C 
PHINT 9 2 8 0  
9 2 8 0  FORMAT(43HO T O T A L  FLUX FROM SUB AREAS HY INCREASING K )  
9 2 9 0  FORMAT ( l H O r l P 6 E 1 0 . 7 )  
PRINT 9 2 9 0 * ( P H I K ( K )  t K = l  9 N A )  
C 
PRINT 9300 
PRINT 9 3 1 0  9 ( P H I K Z ( I ( , )  9 K = l ,  NA 1 
9 3 0 0  FORMAT(34HO FRACTION OF TciTAL FLUX FROM SUB A R t A S )  
9 3 1 0  FORMAT ( l H O t l P b E 1 0 * 3 )  
C 
DO 9 3 1 1  K = l  9 NA 
PHINT 5,312 r K  
014Y S O 6  
0 1 5 1  b o b  
0 1 5 2  5 0 6  
0 1 5 3  S O 0  
0 1 5 4  506 
0 1 5 5  506 
0 1 5 7  S O 6  
0 1 5 8  S O 6  
015Y SC6 
0 1 6 0  S O 6  
0 1 6 1  SO6 
0162 S O 6  
0 1 6 3  506 
0164 SO6 
0 1 6 5  $ 0 6  
0 1 6 6  S O 6  
0170 506  
0171  5 0 6  
0 1 7 2  S O 6  
0 1 7 3  hfi6 
0 1 7 3  1506 
01732SC16 
0 1 5 0  S O 0  
0 1 5 6  5nc; 
IFOK~R~N Statements for 806 (Cont'd) _ -  
')?I? FORMAT (3bHO FLtJX BY INCRkA5ING I FUR SUB A l i t . A  ,121 
" ? 1 2  FURMAT ( lH0 ,1P6E10 .3 )  
PRINT 9 3 1 3 ,  ( P H I  ( K I L )  9 L =  1, NE 1 
' 4 1 1  CONTINUE 
I F  lSEN5E SWITCH 2 1. 9 3 1 5  9 9 3 7 5  
" " l ' i  PRINT 9 3 2 0  
o??o F O K M A T  (481iU COORDINATES OF LOWER LEFT COHNEli O F  SUB AREAS 1 
9'330 F O R M A T  ( 3 7 H 0  K X O ( K )  Y O I K )  ) 
9 3 4 0  F O R M A T  ( 1 h O r  17. r l F 1 4 . 2  9 1F11.21 
9 3 7 0  FORMAT (42HO SOI!KCE DETLCTOR SEPARATION DIbTANCF: IS r l P t l O . 3  I 
9 3 7 5  GO TO 3000  
31 STRAP FORTRAN 
74 L I 5 T 8  
C 5 0 h 5 HM JACK GRIGSHY ( E  k JONk5 2 8 9 5 )  
P R I N T  9 3 3 0  
PRINT 9 3 4 0 9  ( K  r X O ( K )  , Y O ( K )  , K = l  r N A )  
PKINT 9 3 7 0  r ' S E P  
FND t 














I C  
C 
E L t C l  EZED2 €ZED3 EOF €ZED5 FLkH lAEZEB3 EZEH4 EZEHlALZEB5 
SUHROU1 1 NE SUHM 
D I MENS ION 







6 X L I B  
7LB 
8 L 1  ' 
COMMON 
1NA 9 x 1  
2DY t NY 
3R 9 DSW 
4FNPY r Y M  
2SUMLL ( 5 1 
3 R 1 (  2 0  1 r ALPHA1 
4DELX ( 2 0 )  r DELY 
5NPX ( 2 0  1 t N P Y ( 2 0  
6XL $ B f  25 I rLHRD( 5 1 
r P  ( 10 I 
,PHI K 
9P 
*,ALP HA 1 
tDELY 
r NPY 'y 
r L  1 
* Y S L I R  
r X I D  
'> . 
t Y 1  rDX 
tNYM tXNY 
,SEP * D  
r P H I K 2  * P H I L  ,PHI 9 
9 SX 9 5Y r S 1 G  r 
t F  9 x o  C Y 0  9 
9 A T O M  ,SIGEL 9s r 
r K T  rLLMAX r Y L I B 9  
t XL I UNO r L 1 UNO r X S L I B r  
9 1-HRD * L U C K  ,NU 9 
9NX , N E  ,TWJCYrNXl  ' , V I  r X  
gSLOPE9NYl r V J  r Y  r ALPHA,IISQ 





0 1 7 3 3  506  
0 1 7 3 4  S O 6  
01  735506 
0 1 7 3 6 S 0 6  
0 1 7 4  SO6 
0 1 7 8  SO6 
0 1 7 9  SO6 
0 1 8 0  S O 6  
0 1 8 1  5Q6 
0 1 8 2  S O 6  
0 1 8 3  506 
0192 5 0 6  
019'3 506 
0 1 9 d  5 0 6  
0199 5 0 6  
M O O 1  5 0 6  




0004 S O h  
0005 506 
0006 5 0 6  
0007 506 
0 0 0 8  5 0 6 .  
O O O Y  SO6 
0010 S O 6  
0011 S O 6  
0 0 1 2  SO6 
0 0 1 3  SO6 
0 0 1 4  506 
0 0 1 5  :,06 
0016 506. 
0017 b06 
0 0 1 6  5 0 6  
0019 506 
0 0 2 0  S O 6  
0 0 2 1  5 0 6  
0 0 2 2  SO6 
0023 S O 6  
0 0 2 4  506 
0025 506 
0 0 2 6  ' 5 0 6  
0027 5 0 6  
0 0 2 8  5 0 6  
0 0 2 9  SO6 
0030 SO6 
0 0 3 1  5 0 6  
0 0 3 2  5 0 6  
0033 5 0 6  
0034 SO6 
0 0 3 5  506 
0036 506 




FORTRAN Statements for SO6 (Cont’d) 
___c- ___._ - _- - - - 
5tqUMAX 9 5 I G C i A  
DC) ‘9000 K’1 9 NA 
X l=X I )  ( K  1 
Y l = Y O ( K )  
DX=DEL X ( K  I 
NX=I\lPX ( Y )  
DO 8100 L= I ,NE 
Pt i  I ( K 9L 1 = o  00 
C 
8 1 0 0  CONTINUE 
CALCULATE S X  FOR ,ALL I 
I 
C DO LOOP FOR SUMMING QVEE X 
NPXX=NI’X ( k  ) 
DO 8000 I = l , N P X X  
V I = I  
X z X l + ( V I - l . O ) * D X  
C G E P J E ~ ? A T t  Y MkSH 
I F ( K T ( K 1 - 1  1 7 1 0 0  9 7 2 0 0  1 7 2 0 0  
7 1 0 0  DY=DELY(K)  
GO T O  7 3 0 0  
r i y - r j p y  ( K )  
c 
7 2 0 0  N Y = 3 + ( 1 - 1 ) * 2  
NYM=NY - 1 
XbIY  =NYM 
D Y = S L @ P E # ( X - X l ) / X N Y  
N P Y ( K )  = NY 
GO TO 7 3 0 0  
C CALCULATE SY FOR ALL J 
7 3 0 0  S Y ( 1 )  =DY/3oO 
S Y ( N Y )  = S Y ( 1 )  
NY 1=NY-1 
DO 7 4 0 0  J=2,NY1 
VJ = J  
S Y ( J )  = S Y ( 1 )  * (MODF(2.0 * ( V J + l * O ) ,  4 . 0 )  + 200) 
7 4 0 0  CONTINUE 
NPYY = N P Y ( K )  
DO 7000 J = l * N P Y Y  
V J = J  
Y=Y l+ (VJ - l .O) *DY 
c 
I F  ( X 7 3 1 0 9  7 3 2 0  r ’ 7 3 3 0  
GO T O  7 3 1 1  
GO T O  7 3 1 1  
7 3 1 0  ALPtIA = 90.0 + ( ATANF ( - X / Y  ) 1 * 57.296 
7 3 2 0  ALPHA = 90.0 
\ 
0 0 4 0  5 0 6  
M042 5 0 6  
F ’ C 4 3  5 0 6  
KO44 SO6 
V O 4 5  S O 6  
M046 S O 0  
lu’C47 S O 6  
PO48  SC6 
!I049 506 
V 0 5 0  5 0 6  
NO51 SO6 
V , 0 5 3  5 0 6  
MC54 506  
MO55 b,O6 
M056 5 0 6  
PO57 5 0 6  
M 0 5 8  5 0 6  
K O 5 9  S O 6  
M060 S O 6  
M061 506  
M 0 6 2  S O 6  




M067 5 0 6  
V068 506 
M069 S O 6  
M070 S O 6  
N O 7 1  5 0 6  
M072 5 0 6  
PO73 S O 6  
MC74 506 
M075 S O 6  
M076 SO6 
M 0 7 6 15 0 6 
M077 S O 6  
t4082 SO6 
KO83 5 0 6  
PO83 1506 
M O O 4  506 
M085 S O 6  
V O 8 6 ‘ 5 0 6  
M 0 8 7  S O 6  
PO88 SO6 
M090 S O 6  
M 0 3 1  SO6 
M092 5 0 6  
F ? O 9 3 ’ S 0 6  
P O 9 4  S O 6  





r 4 m z  s o 6  
I 
'FORTRAN Statement5 for SO6 (Cont'd) . 
/ j j L  ALPHA = 1 ATANF ( Y / X  I. 1 * 57.296 
GO TO 7 3 1 1  
i j l l  RSQ = x * * 7  + Y * * 2  
r2 =SQPTFIRSQ) 
CALL SUB1 l K 9 I t J )  
c ,  
DSO =RSQ + SEPg*2 -2oO*SEP*X 
C S l J R l  IS SOURCE CAI-CIJLATION 
D =SQRTF(DSQ) 
F 1  = S X l I ) *  S Y I J ) / D S O  
FMU = ( SEP+:*Z - PSO - DSO I / I Z.O*R*D) 
C 
I F  (SENSE 5WITCH 3 1 7 4 3 0  t 6 0 0 0  
7 4 3 0  P R I N T  7 4 3 5  tK  * I  t J  
7 4 3 5  FOFMAT (44HO X , Y t A L P H A , R , D t T H E T A t k M I J t  AND F 1  FOR K I J r I 5 t I 5 9 1 5  
7 4 4 0  FORMAT (IHO*lPBElO.3) 
6 0 0 0  CALL SUB2 I K t I t J I  
7 0 0 0  CONT I NUE 
8 0 0 0  CONT I NUE 
9 0 0 0  CONTINUE 
PRINT 7 4 4 0  t X t Y  ( A L P t i A t R t U t T t i E T A t F M I J t  f 1 
C SUB2 I S  NEUTRON CALCULATION CONTAINS DO LOOP O V E R  ENERGY 
c 
C 
C CALCULATE TOTAL AND FRACTIONAL FLUXES 
7 4 2 5  P H I T  ~0.0 
i DO 9 1 0 0  K - 1  9 NA 
P H I K ( K 1  '0.0 
c 
9 0 5 0  
C 
9 1 0 0  
C 
C 
9 1 5 0  
C '  
C 
C 
DO 9 0 5 0  L = l  t NE 
P H I K ( K )  = P H I K ( K I  +PH 
CONTINUE - 
P H I T  = P H I T  + P H I K I K )  
CONTINUE 
DO 9150 K = l  tNA 
P H I K 2 ( K )  = P H I K ( K l / P H I  
CONTINUE 
DO 9 2 0 0  L = l  * N E  
P H I L I L )  = O o O  
DO 9 1 7 5  K = l  NA 
I K t L I  
' P H I L I L I  = P H I L I L ) +  P H I I K - L )  
9 1 7 5  CONT INLIE 
9 2 0 0  CONTINLIE 
9 2 0 7  RETURN 
END 
9 STRAP F O I I T R A N  
* L I S T @  ' 
EZE E Z E C l  F7EDZ F Z F D ?  T O F  FZFP5 F Z F P I A F L f H 7  F Z E 8 4  E Z F P I A F Z F B S  
C SO6SH 1 JACK GRIGSHY t C  F: .JONt5 2 8 9 5 1  
M 0 9 5 8 S 0 6, 
F.: 0 9 5 Y S 0 6 
NO96 5 0 6  
M097 506 
KO98 5 0 6  
P O 9 9  5 0 6  
M l O O  5 0 6  
p101 S O 6  
b(102 SO6 
b"103  SO6 
M104 5 0 6  
P I 0 6  5 0 6  
M107 5 0 6  
M108 SO6 
M109 5 0 6  
)b!110 506 
M 1 1 2  S O 6  
P 1 1 4  5 0 6  
M I 1 5  SO6 
bl121 SO6 
P 1 2 2  SO6 
V 1 2 3  5 0 6  
M124 5 0 6  
M 1 2 5  S O 6  
M126 SO6 
M127 5 0 6  
M128 5 0 6  
M129 LO6 
M130 5 0 6  
M131 SO6 
Fn132 506 
M 1 3 3  SO6 
M134 SO6 
M I 3 5  SO6 
M136 SO6 
K 1 3 7  SO6 
M I 3 8  SO6 




M149 5 0 6  
M I 5 0  506 
V I 5 1  S O 6  
V152 5 0 6  
P 1 5 3  SO6 
M154 5 0 4  
M155 506 
M156 S O 6  
, M176 SO6 
b'177 SO6 
1001 5 0 6 .  
P i 1 1 1  SO6 






1 FORTRAN Statements for Sod (Cont’d) 












5 ~ P x  (20 ) 9NPY ( 2 0  
6 X L I P ( 2 5 ) 9 L B R D ( 5 )  
1 S O U R C E  9PHIK 
25UF1LL 9P 
3R 1 ,ALPHA1 
(tDELX 9DELY 
5NPX 9NPY 
6XL  I H 9 L l  
7 L B  
8 L  1 9 X I D  
C 0 M ?  10 N 
9 Y S L  I F\ 
C 0 Pi 14 ON 
1NA 9 x 1  t Y 1  9DX 
2DY tNY tNYM 9XNY 
3R 9 D S Q  95EP 9 1 1  
9 PH I K2 
9 CX 
r F  
,ATOM 




9 SLOPE 9NY 1 
9THETA9FMU 
4FNF’Y 9 Y M  9f.1KAX ,NMAX , C O N 1  ,CON2 
C 
5NUMAX 9S I GMA 
I F  ( R - R l ( 1 ) )  2 0 9  2 9 2  . 
2 I F  (ALPHA - A L P H A l ( l ) )  2 0 9 5 1 5  
r , i 
5 D U  10 M = l  ,Ir?MAX 
IF ( R l ( I \ I ) - R  1 1 0  940 940 
10 CONTINUE 
2 0  PRINT 30  
9 PH I t .  ,PHI ’  9 
9 SY 9516 t 
9 x o  , Y O  9 
9SIGEL 9s 9 
9LLMAX 9YLIH9 
9LIUNO 9 XSL I u 9 
3 0  FORMAT ( 4 B H  A VALUE O F  R 1  OR ALPHA1 CALLS F(JR EXTRAPOLATION) 
PP I r.1T 3 1 9 I( ,L 9 I 9 J 
PRINT 3 2 9  X ~ Y I R ~ A L P H A  
3 1  FORMAT ( 3 i H 3  X,Y*RI.LLPHA FOR K 1 L . , I t J  OF 4 1 5  ) 
3 2  F O R M A T  ( ~ H O  , i ~ ~ t ~ i n . 3  
PRINT 3 3  
3 3  FORMAT (33HO M I N  AND MAX IP!PtJT R Ab!D ALPeA I 
PRINT 3 4 9  ( P l ( 1 )  ~ R l ( f ~ 1 1 2 1 A X ) ~ A I ~ P I i A 1 ( 1 )  ,ALPHAl (NMAX)  1 
CALL I\\UTO 
34 FORMAT ( l t i 0  , 1 P 4 E l 0 . 9 )  
4 0  DO 50 N = l  NMAX 
\ 
2 r 0 3  sni- 
O C C 4  - 0 6  
13305 <>Ob 
OCr3.6 ‘ > G 6  
0 0 0 7  so0 
O O O H  5 0 6  
0 0 0 4  S O 6  
0 0 1 0 5 0 h 
0011 5 0 6  
G O 1 2  SO6 
0013 S o h  
0014 SO6 
0016 5 0 6  
0 0 1 7  S O 6  
0 0 1 8  SO6 
0019 5 0 6  
0 0 2 0  506 
0 0 2 1  5 0 6  
0072 5 0 6  
0 0 2 3  5 0 6  
GO24 5 0 6  
00/5 SC6 
0026 5 0 6  
0 0 2 7  SO6 
0028 506 
0 0 2 9  SO6 
0 0 3 1  506 
0 0 3 2  5 0 6  
0 0 3 3  5 0 6  
0 0 3 4  S O 6  
0 0 3 5  SO6 
0036 SO6 
0 0 3 7  5 0 6  
0 0 3 8  SO6 
0033 506 
0 0 4 0  b06 
1062 S O 6  
1 0 4 3  506 
1 0 4 4  S O 6  
1045  506 
1 0 4 6  506 
1 0 4 7  506 ’ 
1 0 4 8  5 0 6  
1049 S O 6  
1049 1506 
1 0 4 9 2 5 0 6  
1 0 4 9 3 5 0 6  
10494506 
1 0 4 9 5 5 0 6  
1 0 4 9 6 5 0 6  
10497506  
1049 8 5 0 6  
1060 506 
1 0 5 1  506 
0015 3 c b  
0030  5n6 
'FORTRAN Statements for SO6 - (Cont'd) . - 
\ 
IF ( A L P H A l ( N I  -ALPHA) 50  960 960 
G o  T O  2 0 h 
5 0  C O N T I N L I E  
6 17 CON 1 = I ALPHA -AL Pl-iA 1 N- 1 1 1 / 1 ALPHA 1 ( N 1 -ALPHA 1 ( M -  1 1 1 
c 
CON4z.5 ( L 9 M  9 N - l )  +CONl* ( 5 L ~ M I N  1-51 ( L V M  9N-1) I 
C 
C 
SOURCE(L)=(CON3 * R l ( M - l ) * * 2 + C O N 4  *Kl (P / l )**2  1 / (2 .O* l i * *2 )  
10'2 CONTINUE 
I F  (SENSE SNITCH 4 1 65 ,110  
C 
6 5  PRINT 7 0  i K 9 I 9 J 
7 0  F O R M A T  (37HO SOl lRCF< FOR ALL L FOR K I AND J O F 1 1 5  915 915 
7 5  FORMAT ( 1P6E10.7)  
P R I N T  7 5  9 ( SOURCF.(L) I L = l  9 NE 
C 
1 1 0  R€TURN 
END 
* STRAP FORTRAN 
?e C I S T 8  
C 506SRZ J A C K  GRIGSHY ( E  E JONES 2 8 9 5 )  
























1 N A  t X 1  
t P H I K  
* P  
9 ALPHA 1 
r DEL Y 
NPY 
r L  1 
* Y S L I H  
* X I D  
v Y 1  t D X  
PH 1 K2 ,PHIL 
* sx * SY 
,F 9 x o  
9 A T O M  r S I b E L  
9 K T  LLMAX 
9 XL I BNO ,L IBNU 
9LHRD 9 LRCK 
tNX t N E  t T H I C K r N X 1  
* .. 
1052 S O 6  
1 0 5 3  506 
1 0 5 4  S O 6  
1 0 5 5  S O 6  
1 0 5 6  S O 6  
1 0 6 0  5 0 6 '  
1 0 6 1  S O 6  
1062 SO6 
1 0 6 3  5 0 6  
1064 S O 6  
1 0 6 5  5 0 6  
1 0 6 6  SO6 
1 0 6 6  1 5 0 6  
1 0 6 7  SO6 
1068 5 0 6  
1 0 6 9  5 0 6  
1 0 7 0  S O 6  
1 0 7 1  SO6 
1 0 7 2  S O 6  
1 0 7 3  506 
1 0 7 5  h 0 6  
1 0 7 6  506 
2 0 0 1  506 
-, 
2 0 0 2  506  
2003 506 
0 0 0 4  S O 6  
0 0 0 5  SO6 
0006 '3,06' 
0007 SO6 
0008  596 
0 0 0 9  SO6 
0 0 1 0  S06- 
0011 SO6 
0012 506 
0013 S O 6  
0 0 1 4  5 0 6  
0015 S O 6  
0016 SO6 
0 0 1 7  SO6 
0018 '  506 
0019 SO6 
0 0 2 0  SO6 
0021 5 0 6  
0 0 2 2  5 0 6  
0023 506 
0 0 2 4  506 
0 0 2 5  SO6 
0 0 2 6  506 
0 0 2 7  SO6 
0 0 2 8  SO6 
0 0 2 9  5 0 6  
0030 SO6 
0 0 3 1  5 0 6  













7 9 0  
8 00 






8 0  1 
p. C)L 
8 1 5  
8 2 0  
s l G  ( M U )  
0 0 3 3 5 I? b 
0'0 9 4 s 0 b 
0 0 3 5  hQC, 
0 0 3 6  5 0 6  
0 0 3 7 5 I> 6 
(3\338 506 
0 0 3 9  506 
0 0 4 0  S O 6  
2041  5 0 6  
2 0 4 2  ,506 
2 0 4 3  S O 0  
2047  50-5 
2 0 4 8  5r36 
2 0 4 9  SO6 
2 0 5 0  S O 6  
2051 5 O G  
2 c 5 2  5 0 6  
2 0 3 3  506 
2054 S O 6  
2 0 5 5  S O 6  
2 0 5 6  S O 6  
2 0 6 0  Soh 
2061 S O 6  
2 0 6 2  5 0 6  
2 0 6 3  5 0 6  
2064 S o t )  
2065 506 
2 0 6 0  5 0 6  
7 0 6 8  5 0 6  
2 06  9 5 0 i? 
2 0 7 0  S r ? 6  
2071 506 
2C72 5 0 6  
7 0 7 3  5 0 6  
2 0 7 4  506 
2075 5 0 6  
2 0 7 6  S O 6  
2083 SO6 
2 0 8 3  S O 6  
2 0 8 4  506 
2 0 8 5  .SO6 
2 0 8 6  S O 6  
2 0 8 5  506 
2 0 9 2  S O 4  
2 0 9 3  506 
2 0 9 4  b 0 6  
2 0 4 5  506 
2 0 8 9  S o h  
2 O Y O  5 0 6  
2 0 Y l  SO6 
2096 lS06  
20962506 
20963506 
20Y 6 4 5 0  b 
1 0 4 5  bob 
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50 .59  
7.0Y2 
5 .161  
. 0 6 0 2 + 0 0  





























5 5  45 
3 5  15 
0 0 
650.70  
155.40  50.59 
7.620 7.239 
7.676 7.493 
650 .700  
5 3 8 9 0 1 0 0 0 1 2  
5 3 6 Y 0 1 0 0 0 2 2  
5 3 8 9 0 1 0 0 0 3 2  
5 3 8 9 0 1 0 0 0 4 2  
5 3 8 9 0 1 0 0 0 5 2  
5 3 8 9 0  1 0 0 0 6 2  
53890100072 
5 3 8 9 0 1 0 0 0 8 2  
5 3 8 9 0 1 0 0 0 9 2  
5 3 8 9 0 1 0 0 1 0 2  
5 3 8 9 0 1 0 0 1 1 2  





























































































1 . 86+03 
1.34+03 















2.4 1 +00 
5-73-01 

















































2 58+0 1 
4.62+00 
8-15-01 
1 9 4-0 1 
2.54-01 
3-45-01 
2 53-0 1 
2.51-02 
6-27-03 
0 5 7-0 3 
1.18-02 
8-57-03 
Source library for SO6 
650-0 
90.0 









































































































































































































































1 12 +oo 
1. o+oo 
.201 +oo 
1 * 0 + 0 0  
2 3 7 + 0 0  
10 
2.7+00 
0 .67+00  












. 5 Y O + O O  
0 1 6 + 0 0  
. 6 2 2 + 0 0  
.031+00 
.6H 0 +00 
.105+00 
.709+00  
1 6 2 + 0 0  
3 .03+00  
0 . 6 9 + 0 0  
,004+00  
0. o+oo 




1 7 5 + 0 0  
0. O+OO 
. 2 5 0 + 0 0  
o.o+oo 
4 1 o+oo 
o.o+oo 
. 4 8 2 + 0 0  
0. o+oo 
5 0 2 + 0 o  
.006+00 
- 5  1 4 + 0 0  
. 0 3 6 + 0 0  
5 0 9 t o o  







0 4 9 + 0 0  





1 * 8 5 + 0 0  
o.o+oo 
0. o+oo 
. 0 0 4 + 0 0  
.015+00 
. 0 3 6 + 0 0  
1 4 7 + 0 0  
242+00 





0 ,  o+oo 
0.0+00 
. 0 0 3 + 0 0  
.O 1 3 + 0 0  
. 0 6 2 + 0 0  
1 4 6 + 0 0  
. 2 0 8 + 0 0  
. 2 8 8 + 0 0  
3 0 5 + 0 0  
5 1  1 2 2  3 0 0 0 1 L  
5 1 1 2 2 3 0 0 0 2 L  
!J 1 1 2 2 3 0 0 0 3 L  
5 1 1 2 2 3 0 0 0 4 L  
5 1 1 2 2  30005L 
5 1 1 2 2  30OO6L 
5 11 22 30O07L,  
5 1 1 1 2 3 0 0 0 8 L  
5 1  1 2 2 3 0 0 0 9 L  
5 1  1 2 2 3 0 O l O L  
5 1 1 2 2 3 0 O l l L  
5 11 22 300 12L 
5 1  1 2 2  3 0 0  13L 
5 1 1 2 2 3 0 0 1 4 L  
5 1 1 2 2  300 15L 
5 1  1 2 2 3 0 0 1 6 L  
5 1 1 2  2 30 0 17L 
5 1  12230O18L  
5 1  1 2 2 3 0 0 1 9 L  
5 1122300ZOL 
5 1 1 2 2 3 0 0 2 1 L  
5 1 1 2 2  30022L  
5 1  1 2 2 3 0 0 2 3 L  
5 1 1 2 2 3 0 0 2 4 L  



















S 0 6  
506 
506 
5 0 6  
5 0 6  
506 
91 
Output for SO6 
- - _  . 
G E N E R A L  U I i \ A M I C S / F O K T  WORTH SO6 i’KUi3 538901 D A T E  8-27-62 PAGE 1 
T O l A L  F L U X  A T  D E T E C T O R  IS 1 682+02 
F L U X  SPECTRUM A T  D E T E C T O R  BY I N C R E A S I N G  L 
1.047+02 3.240t01 2.114+01 6.270+00 2.867+00 6.070-01 
1.601-01 3.822-02 8.353-04 30080-05 
T O T A L  F L U X  FROM S U B  A R E A S  BY I N C R E A S I N G  K 
2.983+01 6.429+00 2.286+01 3.097+01 3o365+01 
F R A C T I O N  O F  T O T A L  F L U X  FROM S U B  A R E A S  
1.774-01 3.823-02 1.359-01 1.841-01 20001-01 
F L U X  BY I N C R E A S I N G  L FOR S U B  A R E A  1 
1.639+01 6.335+00 4.624+00 1.438+00 7.393-01 
6.789-02 1.763-02 4.380-04 1.674-05 
F L U X  BY I N C R E A S I N G  L F O R  S U B  A R E A  2 
4.196+00 1.240+00 7.973-01 1-367-01 5.075-02 
7.371-04 8.219-05 1, 122-06 4-058-08 
F L U X  BY I N C R E A S I N G  L F O R  S U B  A R E A  3 
1.318+01 4.763+00 3.363+00 9.595-01 4.581-01 
2-620-02 5.727-03 1.007-04 2.981-06 
F L U X  B Y  I N C R E A S I N G  L F O R  S U B  A R E A  4 
2.075+01 5.672+00 3.526+00 7.056-01 2.747-01 
4.572-03 6.658-04 1.700-05 8.6L 1-07 
F L U X  BY I N C R E A S I N G  L F O R  S U B  A R E A  5 
20457+01 5.242+00 2.886+00 6.687-01 2.419-01 
6.982-03 1.689-03 4.209-05 1 650-06 
F L U X  BY I N C R E A S I N G  L F O R  S U B  A R E A  6 
2.561+01 9.145+00 5.942+00 2.362+00 1.102+00 
5.376-02 1.243-02 2.363-04 8-523-06 
4.444+01 
2 643-0 1 
2.152-01 
6.988-03 
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FORTRAN Statements for 514 
* J O B  9 2 4 7  86 JACK G R I G S B Y  ( E  E JOPIES 2 8 9 5 )  5 - N e  801184 
4 S T K A P  F O K T K A N  
t L I S T 8  
C S 1 4  J A C K  C K I G S B Y  ( k  E JONES 2 8 9 5 )  
E L E  E L E C l  ELEb2 E Z E D 3  EOF E Z E U 5  E L t B l A E Z E B 3  E Z E B 4  E Z E R L A E Z E B S  
D I M E N S I O N  




Z S Y ( 1 0 U )  K l ( 2 O )  y A L P H A L ( 2 O ) ~ X O ( 2 0 )  t Y O ( 2 0 )  D E L X ( Z 0 ) r  
3 0 E L Y ( 2 0 )  5 ( 1 5 , 2 0 , 2 0 ) , N P X ( 2 0 )  ( N P Y ( 2 O )  y K T ( 2 0 )  y E O ( 1 5 )  9 
4 € (  1 5 )  
COMMON 
l S O U K C E  , P H I K  , P H I K 2  , P H I L  ( P H I  I S X  , S Y  t R 1  , A L P H A 1  t X 0 c  Y O ,  
C 
C 
Z U E L X  yOELY , S  ( N P X  ( N P Y  p K T  8 X L I t 3  r L 1  t X L I B N O  y L I B N O t  
3 X S L I D  , L D  , X I D  rNA ( X 1  y Y 1  t D X  yNX ( N E  * T H I C K  ( N X l ,  
r 
L 
5 R  , D S Q  ySEP,D ,FMU ( F 1  V P H l T  ,FNPX r F N P Y  9 M M A X  rNMAX ,CON1 y 
C 
6 C O h 2  ,CON3 ,CON4 # C O N S  ( G U N 6  ,CON7 (CON8 1 CON9 ( K O  , C O N 1 0  v 
7 S l 6 M A  y t l  ,EO ,E  VXIVEL 
C K E A 0  I N  L I B I I A R Y  D A T 4  
c L 
L B = O  
C A L L  L I B l ( L 1 )  
GO T O  ( 1 0  r l O O O  1 r L 1  
10 G A L L  L I B  ( 3 H S 1 4  , X L I B N O  1 
C K E A U  CUNTROL CARD 
REALJ 2 0 ,  L I B N O  
20 FORMAT' (6110)  
I F  ( L I B N O )  9 0 0 * 9 0 0 , 3 5  
c L 
C READ I N  SOUKCE L I B K A K Y  ( T Y P E  1 L I B K A R Y  1 
C 
115 READ 4 0  ,NE ( M M A X  NMAX 
40 FOKMAT ( 3 1 1 0 )  
READ 45 t ( R L ( M )  p M = l  i M M A X  ) 
K t A O  4 5  y ( A L P H A 1  ( N )  t N = l  ,NMAX 1 
4 5  FORMA[  ( 6 F 1 0 . 3 )  
K E A D  3 6 0  f ( E O ( L ) y  L = l , N E )  
R E A D  3 7 0  , ( E ( L )  y L = l  ( N t )  
360 FORMAT ( 6 E 1 0 . 4 )  
370 FORMAT ( 6 E 1 0 . 4 )  
C 
D O  5 0  L E 1  y NE 
DO 5 0  N = l  8 NMAX 
K E A 0  60 p ( S ( L f M , N )  s M = 1 y MMAX 1 
60 FOKMAT ( 1 P 6 E 1 0 . 3 )  
50 C O N T I N U E  
0001 514 
0002 5 1 4  
5 1 4  
0003 5 1 4  
514 
0004 S 1 4  
o i l 0 5  5 1 4  
0006 5 1 4  
0007 S14 
O U 0 8  514 
0009 S 1 4  
0010 514 
0011 S 1 4  
0015 514 
0016 S 1 4  
0 0 1 7  S 1 4  
0018 5 1 4  
0019 514 
0 0 2 0  S 1 4  
0021 S 1 4  
O U 2 2  S 1 4  
0023 5 1 4  
0 0 2 4  5 1 4  
OU25  5 1 4  
0026 5 1 4  
0927 S 1 4  
0041 SA4 
0044 S l 4  
0 0 4 5  5 1 4  
0046 5 1 4  
0 0 4 7  S 1 4  
0 0 4 8  5 1 4  
0049 5 1 4  
0050 S 1 4  
0 0 5 1  s14 
0052 S l 4  
0 0 5 4  S 1 4  
0055  514 
0056 5 1 4  
0 0 5 7  514 
0 0 5 8  S 1 4  
0 0 5 9  S 1 4  
0060 S 1 4  
0061 S 1 4  
0122 S 1 4  
0123 S 1 4  
0124 S14 
0 1 2 6  S 1 4  
0062 5 1 4  
0063 5 1 4  
0064 514 
0065 \!4 
0066 S 1 4  




FORTRAN Statements for S14 (Cont'd) 
X S L I f 3  = X L I D N O  
G U  TO 10 
0 0 0  P i I I N l  910 
910 FOKMAT ( 4 2 H l  T H E  F O L L U W I N G  L I B R A R I E S  H A V E  B E E N  L O A D E D  
C 
P R I N T  920 p X S L I R  i (  X L I H ( 1 )  J I = l  J L B  1 
920 F U I i M A l  ( 1 H O  J 6FlO.O) 
I C 
C R E A D  I N  AND T E S T  P R O U L E M  C O N T I i O L  NUMCEKS 
C 
~ B A C K S P A C E  9 
1000 C A L L  S E T U P  (3HS14 J X I U  1 
I K E A D  20  r L 1 1 3 N O  C 
C 
C 
R E A D  320 J N A , N E , S L O P E J S ~ P ~ Y S L ~ B ~ T H I C K  
320 F U K M A T  (2110~4FlO.O) 
C 
R E A D  3 3 0  r X N E L  
330 FOKMAT I l P l E 1 0 . 3 )  
C 
R E A D  340 J ( N P X l K )  , K = I , N A )  
R E A D  340 J ( N P Y ( K )  , K = l , N A I  
R t A O  340 ( ( K T ( K 1  , K = l  tNA 
K E A D  350 V I X O I K )  c K = l  ,NA 1 
K t A D  350 p ( Y O ( K )  , K = l  JNA 1 
R E A D  3 5 0  , ( D E L X  ( K I  , K = l  J N A  1 
K E A D  3 5 0  V I D E L Y  ( K )  , K = l  J N A  1 
3 4 0  FOKMAT (6110)  
350 FORMAT (6F10.3 1 
C 
C 
R O  =.000000000000000000000000007Y524 * X N E L  
I F  ( X S L I B - Y S L I B )  9000 ,1200 ,9000 
Y O 0 0  P R I N T  9010 
9010 FOKMhT (17Hl HRONG L I B R A R Y  1 
C A L L  E N D  9 
1200 C A L L  S U B  M 
P K I N T  9250, P H I T  
9250 F O K M A T  (29H T O T A L  F L U X  AT D E T f C l O R  IS J 1PlE10.3 1 
C 
PR 1 N T  
Y 2 6 0  FORMA 
P K I N T  
Y270 FURMA 
P R I N I  
9280 FUKMA 
P R l i V T  
9290 FORMA 
P R I N T  
C 
C 
9300 F O R M A T ( 3 9 H O  F R A C T I O N  OF T O T A L  F L U X  FROM SUB A R E A S )  
9260 
(43HO F L U X  S P E C T R U M  A T  OEI 'ECTUK B Y  I N C R E A S I N G  L )  
9 2 7 0 , ( P H I L ( L )  r L = l ~  N E )  
(lHOilPbE10.3) 
9280 
143HO T O T A L  F L U X  FROM SUB A R E A S  BY I N C R E A S I N G  K )  






























0118 S A 4  
0119 S14 










0153 S 1 4  















FORTRAN Statements for 514 (Cont'd) - 
P K I N l  9 3 1 0  I ( P H I K 2 ( K )  K = l ,  NA 1 
9310 FOKMAT ( l H O i l P 6 E 1 0 - 3 )  
C 
UU Y 3 l l  K = l  NA 
PKINT 9312 8 K 
9 3 1 2  F O I i M A T  ( 3 6 H 0  FLUX R Y  INCKEASING L FOR SUB AREA ,121  
9 3 1 3  FOKMAT ( l H O , l P 6 E 1 0 . 3 )  
PRINT 9313, ( P H I  ( K v L )  9 L =  1, NE 
Y 3 1 1  COPJTIIUUE \ 
I F  (SENSE ShITCH 2 9 3 1 5  9 3 7 5  I 
9315 PKINT 9 3 2 0  
9320 FOKMAT 148HO COORDINATES OF LOWtK LEFT COKNER OF SUR AREAS 1 
P K I N T  9 3 3 0  
9 3 3 0  FORMAT 137H0 K X O ( K )  Y O f K )  1 
9340 FOKMAT (1H0,  I7 p l F 1 4 . 2  1 F I . 1 - 2 )  
Y 3 7 0  FORMAT (42HO SOURCE DtTECTOR SEPARATION DISTANCE I S  r l P E 1 0 . 3  1 
PHirJr  9 3 4 0 ,  i K  , X O ( K )  , Y O [ K )  ,~=i ,NA)  
PKINT 9 3 7 0  9 SEP 
9 3 7 5  GO T O  1000 
4 STKAP FORTRAN 
4 L 1 5 1 8  
CS14SHM JACK GRIGSBY ( E  E JONES 2895)  
E L E  E Z t C l  EZED2 EZED3 EOF EZED5 E Z E B l A E L E B 3  EZEt34 EZEBlAELEC5 
END 
SUBKOUTINt SUBM 
01 MENS I ON 
l S O U R C E ( 1 5 ) ,  P H I K l 2 O I ,  P H I K 2 1 2 0 )  1 P H I L ( l S ) ,  P H I ( 2 0 ~ 1 5 ) , S X ( 1 0 0 ) ,  




3DELY(ZO)  S115,20,20) ,NPX(ZO) tNPY(ZO1 I K r ( 2 0 )  s E O ( 1 5 )  9 
4 E l 1 5 )  
COMMON 
lSOUKCE ,PHIK r P H I K 2  ,PHIL  , P H I  r 5 X  , S Y  ,R1 ,ALPHA1 9x0,  YO, 
L 





3 X S L I B  cLB , X I D  rNA 1 x 1  ( Y l  8 D X  r N X  ,NE r T H I C K  ,NXl ,  
4 V I  ,X ,DY rNY rNYM rXNY ,SLOPE ( N Y l e V J  ,Y ,ALPHA ,RSQ 
5R t D S Q  ,SEP,D ,FMU r F 1  Y P H I T  ,FNPX sFNPY 9 MMAX ,NMAX ,CON1 9 
6CON2 ,CON3 (CON4 ,CON5 ,CON6 ,CON7 (CON8 8 CON9 ,RO *CON10 , 
7SIGMA , E l  ,EO ,E tXNEL 
00 9000 K = 1  NA 
X l = X O  ( K  1 
Y l = Y O (  K )  
DX=DELX(K)  
NX=NPX ( K 1 
C 
DO 8100 L = l , N E  
PHILK,L)=O.O 
0171 514 
0 1 7 2  S l 4  
0 1 7 3  514 
0 1 7 3  1 S 1 4  
0 1 7 3 2 S 1 4  
0 1 7 3 3 5 1 4  
0 1 7 3 4 5  14 
0 1 7 3 5 S 1 4  
0 1 7 3 6 5  14 
0 1 7 4  514 
0 1 7 8  S 1 4  
0 1 7 9  514 
0180 S 1 4  
0 1 8 1  5 1 4  
0182 514 
0 1 8 3  514 
0192 S 1 4  
0193 S 1 4  
0198 S 1 4  
01'39 S 1 4  
M O O 1  S 1 4  
514 
M O O 2  S 1 4  
5 14 
M O O 3  S 1 4  
0004 S 1 4  
0005 S 1 4  
0006 S 1 4  
0 0 0 7  S14 
0008 S 1 4  
0009 S 1 4  
0010 S 1 4  
0011 S 1 4  




0019 S 1 4  
0020 514 
0021 S14 
0022 S 1 4  
0023 S 1 4  
0024 S 1 4  
0025 514 
0026 S 1 4  
0027 S 1 4  
M042 514 
M043 S 1 4  
M044 S 1 4  
M045 514 
M046 S 1 4  
M047 S 1 4  
MCIGR S L 4  
M049 514 
97 
1 FORTRAN Statements for S14 (Cont'd) 
13100 C O N I  I t J U E  
C C A L C U L A T E  S X  FOR A L L  I 
C 
S X l l ) =  1 t i I C K  * O X / 3 . 0  
S X L N X )  = S X (  11 
N X l = N X - 1  
UU 8200 I z 2 9 N X L  
V I = I  
S X ~ I ~ ~ S X ~ l ~ * ~ M O O F ~ 2 ~ O * I V I + l ~ O I ~ 4 ~ 0 ~ + 2 ~ 0 )  
8 2 0 0  C U l J r I N U E  
C DO L O O P  F O R  SUMMING O V E R  X 
N P X X = N P X ( K )  
UU 8000 I = l , N P X X  
V I = I  
X = X l + ~ V I - 1 . O ) * D X  
I F ( K I ( K ) - 1  1 7100 ,7200 ,7200 
C G E N E R A T E  Y MESH 
7100 D Y = D E L Y ( K )  
NY=;.IPY ( K  1 
G O  10 7300 
C 
7200 N Y = 3 + ( 1 - 1 ) * 2  
N Y  M=NY- 1 
XNY=NYM 
D Y = S L O P E * ( X - X l ) / X N Y  
N P Y ( K )  = N Y  
GO T O  7300 
C C A L C U L A T E  S Y  FOR A L L  J 
7300 S Y ( 1 )  = D Y / 3 - 0  
S Y ( N Y )  = S Y ( 1 1  
N Y  l = N Y - 1  
V J  =J  
DO 7 4 0 0  J = 2 r N Y l  
S Y ( J )  = S Y ( 1 )  ( M O D F ( 2 . O  ( V J + l . O ) ,  4.0) + 2.0) 
7400 C O I J T I N U E  
N P Y Y  = N P Y ( K )  
VJ=J 
DO 7000 J = l r N P Y Y  
Y = Y 1 + ( V J - l . O I * D Y  
I F  ( X I 7310, 7320  9 7 3 3 0  
C 
7320 A L P H A  = 90.0 + ( A T A N F  ( - X / Y  1 1 * 57.296 
GO TU 7311 
GO I O  7 3 1 1  
GO IO 7 3 1 1  
7320  A L P H A  = 90.0 
7330 A L P H A  = I A l A N F  ( Y / X  ) * 57.296 
C 
C 
7 3 1 1  K S U  = x u 4 2  t y r + 2  
R =SCIKTF ( l isp I 
C A L L  S U B 1  I K , I , J )  
DSLI = R S Q  + S E P * * 2  -Z .O*SEP*X 
98 
~ 
M U 5 0  S 1 4  
M o b 2  S 1 4  
M O T 3  S 1 4  
M 0 5 4  S 1 4  
M U 5 5  S14 
M 0 5 6  S 1 4  
M 0 5 7  S 1 4  
M 0 5 8  514 
M 0 5 9  S 1 4  
M 0 6 0  514 
M 0 6 1  S 1 4  
M 0 6 2  314 
MU63 S 1 4  
M U 6 4  S 1 4  
M 0 6 5  S14 
M 0 6 6  514 
M 0 6 7  314 
M 0 6 8  514 
M O 6 9  S14 
M 0 7 0  S 1 4  
M U 7 1  S 1 4  
M 0 7 2  514 
M U 7 3  S 1 4  
M 0 7 4  S 1 4  
M 0 7 5  S 1 4  
M U 7 6  S 1 4  
M 0 7 6  15 14 
M U 7 7  S 1 4  
M O R 2  $14 
M 0 8 3  S 1 4  
M 0 8 3  1514 
M 0 8 4  S 1 4  
M085 514 
M 0 8 6  S 1 4  
MU87 514  
MOR8 314 
M U 9 0  S14 
M 0 9 1  S 1 4  
M U 9 2  S 1 4  
M 0 9 3  S 1 4  
M 0 9 4  514 
M 0 9 5  314 
M 0 9 5 2 S  14 
M 0 9 5  3514 
M0955S 14 
M O 9 5 6 S  14 
M 0 9 5 B S 1 4  
M U 9 5 9  S 14 
M U 9 6  S 1 4  
M 0 9 7  514 
M U 9 8  514 
M 0 9 9  S 1 4  
M i 0 0  S 1 4  
M l O l  S 1 4  
-AN Statements for SI4 (Cont'd) 
C S U B 1  I S  SOURCE CALCULAT 10N 
u =SQKTF [ IISQ) 
F 1  = S X l I ) *  S Y l J ) / O S Q  
FMU = [ S E P * * 2  - R S U  - D5Q / I 2 . O * K * D )  
C 
I F  I S E N S t  SWITCH 3 1 7430 t 6000 
7430 P R I N T  7435 T K  , I  , J  
7435 FOKivIAT (44HO X , Y , A L P H A , R , D , T H E T A , F M l l ,  AND F 1  FOR K I J ~ I 5 1 1 5 , 1 5  
P R I N T  7440 p X, Y , ALPhA,K ,Dc THE F A  9 I-MU, F 1  
7 4 4 0  F C l l i M A l  l l H O ~ l P 8 E 1 0 . 3 )  
6000 CALL SUB2 l K , I , J )  
C S U B 2  I S  G A M M A  CALCULATION CONTAINS DO LOOP OVER ENERGY 
7000 CONI I N U k  
8000 COi.iTIluUE 
9000  CONTINUE 
C 
t 
C CALCULATE T U r A L  AND FKACTIONAL I-LUXES 
7425 P H I T  =O.O 
0 0  9100 K = l  , N A  
P H I K ( K )  =O.O 
C 
0 0  9050 L = l  t NE 




P H I T  =PHIT + P H I K I K )  
9100 C O N I  I N U E  
C 
C 
DO 9150 K = l  ,NA 
P H I K Z ( K )  = P H I K l K ) / P H I T  
9150  CUNTINUE 
LJO 9200  L = l  ,NE 
P H I L I L )  =O.O 
C 
C 
DO Y175 K = l  9 NA 
P H I L ( L )  = P H I L l L ) +  P H I ( K , L )  




* STRAP FORTRAN 
* L I S 1 8  
ELE E L E C l  EZEDZ EZED3 EOF E L E D 5  EZEDLAEZED3 EZEf34 E Z E B l A E L E B 5  
CS14SBL JACK G R I G S B Y  ,E E JUNES 2895) 
SUBROUTIN€ S U B L ( K , I r J )  
D I M E N S I O N  
l S O U K C E ( l S ) ,  P H I K ( 2 0 1 ,  P H I K Z ( 2 0 )  P H I L I 1 5 ) ,  P H I l 2 0 r 1 5 ) ~ S X ( 1 0 0 ) ,  
L 
C 
2 S Y ( 1 0 0 )  9 Rl(20) , A L P H A l [ Z O ) , X 0 1 2 0 1  , Y O 1 2 0 1  9 DELX(LOI, 
99 
EL02 514 
M 1 0 3  514 
M104 514 
P l l O b  514 








W121 514  
M l Z Z  S14 
H 1 2 3  S l 4  
M124 514 
M125 514 
M 1 2 0  514 
M L 2 7  S l 4  
Ml28 SL4 
M 1 2 9  514 
M130 5 1 4  
HI31 5 1 4  
M132 5 1 4  
1.1133 514 
M134 5 1 4  
t i135  SL4 
M136 514  
M137 S14 



















0 0 0 4  S 1 4  
0005 514 
s g g 5  
0007 S14 
0008 514 
s 1 4  
FORTRAN Statements for 514 (Cont'd) 
3DELY(ZO)  8 S ( 1 5 , 2 0 , 2 0 ) t N P X ( 2 0 )  t N P Y ( 2 0 )  K T ( 2 0 )  e E O ( 1 5 1  s 
r. 
4 E ( 1 5 )  
COMMON 
1SOUKCE PPHIK s P H I K 2  ( P H I L  ( P H I  , S X  ,SY , R 1  ,ALPHA1 p X O p  YO, 
c 
ZDELK (DELY ,S VNPX 9NPY s K 1  , X L I B  ,L1 p X L I 6 N O  ,LIBNO, 
r L 




4V1  ( X  (DY (NY (NYM (XNY (SLUPE , N Y l r V J  C Y  (ALPHA (RSP 
5 R  (USQ tSEP,D VFMU r F 1  ( P H I 1  (FNPX ,FNPY v M M A X  (NMAX (CON1 s 
bCON2 (CON3 ,CON4 (CON5 (CON6 ,CON7 (CON8 CON9 ,RO ,CON10 q 
7SIGMA c t l  ,EO , E  ,XNEL 
I F  ( R - R l ( 1 ) )  20, 2 ,2 
2 I F  (ALPHA - A L P H A l ( l ) I  Z0,5,f, 
C 
5 00 10 M = l  ( M M A X  
I F  ( R l ( M ) - R  1 10 ( 4 0  ( 4 0  
10 CONTINUE 
20 P K l N T  3 0  
3 0  FOKMAl ( 4 8 H  A VALUE OF R 1  OR ALPHA1 CALLS FOK EXTRAPOLACION) 
P K I N T  3 l r K , L , I s J  
31  FLl r lWAT (3LHU XtY,K,ALPHA FOK K , L , I r J  OF 4 1 5  1 
3 2  FOKMAr (1HO t l P 4 E 1 0 . 3  1 
P R I N l  32, X,Y,HtALPHA 
P K I N T  3 3  
3 3  FUKr iA l  (33t-10 M I N  ANI, M A X  I N P U l  R AND ALPHA 1 
PRlNT 34 ,  ( K l ~ l ) ~ R l ( M M A X ) ~ A L P H A l ~ l ~ ~ A L P H A l ~ N M A X ~  1 
3 4  FORMAT (1HO , l P 4 € 1 0 . 3 )  
CALL AUTU 
40 DO 5 0  N = l  , NMAX 
I F  ( A L P H A L ( N )  -ALPHA) 50 e60 ,60 
5 0  CONrINUE 
60 CONL = ( A L P H A - A L P t i A l ( N - l )  )/(ALPHAl(N)-ALPHALIN-L)) 
G U  r u  2 0  
C 
DO LOO L = l  ,NE 





5OUKCE(L)= ICON3 4 R l ( M - l ) + + 2 + G O N 4  + l i l ( M ) + * Z  1 / (2.O*R++2)  
100 CONTINUE 
I F  (SENSE S k I T C H  4 1 6 5  ,110 
6 5  PKINT 70 e K I J 
70 FUKMAT (J7HO SOURCES FOR ALL L FUR K I AND J O F , I 5  , I 5  ( 1 5  
75 F O K P l A l  1 l P 6 E 1 0 . 3 )  
PRINT 7 5  ( SOIJRCE(L)r L = l  t NE ) 
0009 514 
0010 S 1 4  
0011 S 1 4  
0 0 1 5  514 
0016 5 1 4  
0017 S 1 4  
0018 S 1 4  
0019 S 1 4  
0020 5 1 4  
0021 S 1 4  
0022 S L 4  
0023 S 1 4  
0024 5 1 4  
0025 S l 4  
0026 514 
0 0 2 7  S 1 4  
1042 5 1 4  
1043 S 1 4  
1044 514 
1045 S 1 4  
1046 5 1 4  
1047 S 1 4  
10411 S 1 4  
1049 5 1 4  
10491 SL4 
1 0 4 9 2 S 1 4  
10493514 
1 0 4 9 4 5 1 4  
1049 5 s  1 4  
1 0 4 9 6 5 1 4  
1 0 4 9 7 5  14 
1 0 4 9 8 S 1 4  
1050 S 1 4  
1 0 5 1  514 
1 0 5 2  $14 
1 0 5 3  S L 4  
1 0 5 4  S L 4  
1055 S 1 4  
1056 S 1 4  
1060 514 
1061 S 1 4  
1062 514 
LO63 S 1 4  
L O 6 4  5 1 4  
1065 S 1 4  
1066 S L 4  
1 0 6 6 1 S 1 4  
1067 5 1 4  
1068 S L 4  
1069 S 1 4  
1070 S L 4  
1071 S 1 4  
1072 S L 4  
1073 S 1 4  
100 
FORTRAN Statements for 514 (Cont’d) 
110 I l t F U I < N  
ENIJ 
t STHAP FURTKAN 
* L I S T S  



















E L E C l  E L E D Z  EZED3 EGF EZEU’, E L t B l A E L E 8 3  E L L 8 4  EZEUlAEZEU5 
D I iwit NS I O N  
SUbKUUTINE SUB2 ( K , I , J )  
1 S O U R C E l 1 5 ) ,  P H I K ( 2 O ) i  P H I K Z ( Z U )  , P t I I L ( l 5 ) r  P H I ( Z 0 , 1 5 ) ~ S X ( l 0 0 ) *  
2 S Y I 1 0 0 )  , Kl .120)  t A L P H A 1 1 I O ~ , X O I 2 0 )  , Y O l 2 0 )  , D E L X ( Z 0 1 ,  
3UELY(ZO)  , S 1 1 5 * 2 0 1 2 0 ) , N P X ( 2 0 )  ,NPY(2O) 8 K T ( 2 0 )  s E 0 ( 1 5 )  1 
4 t  ( 1 5 )  
LONMIIN 
15OUKCt ,PHIK v P H I K 2  ,PHIL  * P H I  , S X  pSY t K 1  ,ALPHA1 , X O ,  YO, 
L U E L X  YDELY 9 s  ,NPX (NPY 1 K T  , X L I B  r L 1  t X L I D N O  *L IDNO,  
3 X S L X H  ,LH 1 x 1 0  rNA , X 1  t Y 1  ( D X  9NX r N E  ,THICK , N X l *  I 
4 V I  , X  C O Y  ,NY 1NYCl , X d Y  ,SLc)Pt ( N Y l p V J  C Y  ,ALPHA ,RSQ 9 
5 K  ( D S Q  1 S E P t D  VFMU t F 1  ,PHIT ,FNPX iFNPY v W M A X  ,NNAX tCDN1 1 
6COt\1% ,CON3 ,CON4 ,CC.INt, ,CON6 ,CON7 , C O N 6  9 CONY ,RO ,CON10 t 
7 S I b M A  , E l  ,E0 * E  ,XNEL 
UO LOOP UVEK ENERGY 
UU 600 L = l  , N E  
CALCULATt  S I G M A  
CON7 = E O ( L ) / O . t , l  
COiV6 = 1.0 / (1.0 + CUN7+( 1.0 - FMU) 1 
S I G M A  = KO * ( CON6 - I C O N 6 ~ + 2 ) a ( l . O - F M U t t Z )  + C O N 6 + * 3  1 / 2.0 
CALCULAT t F I N A L  ENERGY 
E l  = CON7tCON6 * 0.51 
DEIEKMINE WHICH GKOUP E l  L I E S  I h  A h D  CALCULATt  P H I  
DO 610 LF=  1, NE 




6 2 0  P H I  ( K , L T ) =  P H I  ( K , L F ) +  SUURCEIL) * S I G M A  F 1  
I F  ( S E N S E  SkITCH 6 )  630,600 
b 3 0  PRIPJT 6 3 5  
635 FUKNAT (30HO K I J L E l  S I G M A  A I v O  S O U R C t  ) 
P H I N l  640 , k , I v J , L * E l , S I G M A , S O U K G f ( L )  
640 FORMAT ( 413,1P3E10.3)  
L 
1 0 7 5  5 1 4  
1076 5 1 4  
2c102 5 1 4  
5 1 4  
20U3  5 1 4  
S 14 
2 0 0 4  514 
OU041514  
0 0 0 5  5 1 4  
OU06 5 1 4  
01107 514 
0 0 0 8  5 1 4  
0009 5 1 4  
0010 5 1 4  
0011 S 1 4  
0 0 1 5  S14  
0016 S14 
0017 5 1 4  
0018 514 
01119 5 1 4  
O b 2 0  514 
0011 S 1 4  
0022  514 
0 0 2 3  514 
O U 2 4  S 1 4  
0 0 2 5  5 1 4  
0026  514 
0 0 2 7  5 1 4  
2 0 2 9  3 1 4  
2 0 3 0  5 1 4  
2 0 3 1  5 1 4  
2032 514 
2033 514 
2G35  5 1 4  
2 0 3 6  5 1 4  
2 0 3 8  5 1 4  
2 0 4 0  5 1 4  
2042  514 
2 U 5 4  514 
2 0 5 5  514 
2056 514 
2 0 5 7  S 1 4  
2058 5 1 4  
2 0 5 9  S 1 4  
2060 5 1 4  
2061 514 
2062 514 
2063 S 1 4  
2 0 6 3 1 S 1 4  
20632 S 14 
2063 35 14 






_- FORTRAN ~ Statements for 514 (Cont'd) 
2065 S14 
2066 514 




















92 05 92.05 
7 229 7.533 
0.0 7,925 










5 5  










































3.4 5 - 0 1 
9.00+00 
3.00+00 














.l. 9 3+04  
1 .78+04 
4.6 7 + 0 4  
1 .14+04 
2 4 4 + 0 4  
2 .66+04 
8 . 1 2 + 0 4  
1.98+04 



























2 . 3 7 + 0 0  
1 .17-01 
8 .00+00  
2 .  o o + o o  
0.00+00 
1.40+01 
ti. 3 6 + 0 0  
1 . 4 7 + 0 1  
1 . 7 8 + 0 1  
1 .47+01 
1 .50+02 
8 . 9 7 + 0 1  
1 .58+02 




2 . 8 0 + 0 2  
3.38+02 
2 . 8 0 + 0 2  
3.65t0.2 
2 .18+02 
3 . 8 5 + 0 2  
4 .65+02 
3 .85+02 









1 . 3 4 + 0 3  










6. S o t 0 3  
1 . 1 5 + 0 4  
1 . 3 9 + 0 4  




7 . 5 1 t 0 0  
1.72+00 
7. 00+00 
1 . 5 0 + 0 0  
4 . 6 0 + 0 0  
2 . 9 7 + 0 0  
5.15+00 
6 . 1 5 + 0 0  
5 . 1 5 t o o  
4,95+0 1 
3 . 1 9 + 0 1  
5 .53+0 1 
6 . 6 0 + 0 1  
5 . 5 3 + 0  1 
5 . 6 4 t 0 1  
9 . 7 8 + 0 1  
1 . 1 7 + 0 2  
9 . 7 8 + 0 1  
1 .20+02 
7 . 7 5 + 0 1  
1 .35+02 
L 6 0 + 0 2  
1 . 3 5 t 0 2  
2 . 0 9 + 0 2  
1 . 3 5 + 0 2  
2 . 3 3 + 0 2  
2 . 7 Y + 0 2  
2 . 3 3 + 0 2  
4 . 1 8 + 0 2  
2 . 6 9 + 0 2  
4 . 6 7 + 0 2  
5 .58+02 
8 . 7 5 + 0 1  
4 .67+02 
1 1 6 + 0 3  
7 . 4 9 + 0 2  
1 . 3 0 + 0 3  
1 5 5 + 0 3  
1 . 3 0 + 0 3  
3 . 6 0 + 0 3  
2 .32+03 
4 . 0 2 + 0 3  
4 o 8 0 + 0 3  
4 . 0 2 + 0 3  
3 . 5 9 + 0 3  
2.31+03 
4 . 0 0 + 0 3  
























2 . 9 5 + 0 1  
3.52+01 
2 . 9 5 + 0 1  
4.45+0L 
2 . 9 9 + 0  1 
5 . 1 3 + 0 1  





1.22 t o 2  
1 0 3 + 0 2  



















7 .50-0  1 
8 .45-03 
5 .70-03 
Y e  7 6 - 0 3  




1 - 0 5 - 0 1  
1 0 2 5 - 0 1  
1.05-01 
1 . 6 0 - 0 1  
1 . 0 8 - 0 1  
1 .85-01 
2 . 2 1 - 0 1  
1 .85-01 
2 . 2 1 - 0 1  
1 4 9 - 0  1 
2.55-0 1 
3.03-0 1 
2 - 5 5 - 0 1  
3.83-0 1 
2 . 5 8 - 0 1  
4 .43-01 
5.2 7- 0 1 
7.67-0 1 
5,17-01 





l o 4 4 + 0 0  
2.46+00 
2 * 9 3 + 0 0  
2 .46+30 
6.60tOO 
4 . 4 5 + 0 0  





7 . 6 0 + 0 0  
Y.07+00 
5 2 9 6 2 1 0 0 0 1 L  
5 2 9 6 2  1 0 0 0 2 L  
5 2 9 6 2 1 0 0 0 3 L  
5 2 9 6 2 1 0 0 0 4 L  
4.39+00 5 2 9 6 2 1 0 0 0 5 L  
6 .09-01 5 2 9 6 2 1 0 0 0 6 L  
5 2 9 6 2 1 0 0 0 7 L  
5.00-01 5 2 9 6 2 1 0 0 0 9 L  
5 2 9 6 2 1 0 0 1 0 L  
5 2 9 6 2 1 0 0 1 1 L  
5 2 9 6 2  1 0 0 1 2 L  
5 2 9 6 2 1 0 0 1 3 L  
5 2 9 6 2 1 0 0 1 4 L  
5 2 9 6 2 1 0 0 1 5 L  
5 2 9 6 2  l O O l 6 L  
5 2 Y 6 2 1 0 0 1 7 L  
5 2 9 6 2 1 0 0 1 8 L  
5 2 9 6 2 1 0 0 1 9 L  
5 2 9 G 2 1 0 0 2 0 L  
3 2 9 6 2  1 0 0 2 1  L 
5 2 9 6 2  1 0 0 2 2 L  
5 2 9 6 2 1 0 0 2 3 L  
52962 1 0 0 2 4 L  
5 2 9 6 2 1 0 0 2 5 1  
5 2 9 6 2 1 0 0 2 6 L  
5 2 9 6 2  1 0 0 2 7 L  
5 2 9 6 2  1 0 0 2 8 L  
5 2 9 6 2 1 0 0 2 9 L  
5 2 Y 6 Z 1 0 0 3 0 L  
5 2 9 6 2 1 0 0 3 1 L  
5 2 9 6 2  1 0 0 3 2 L  
5 2 9 6 2  1 0 0 3 3 L  
5 2 9 6 2  10U34L 
5 2 9 6 2 1 0 0 3 5 L  
5 2 9 6 2 1 0 0 3 6 L  
5 2 9 6 2  1 0 0 3 7 L  
5 2 9 6 2 1 0 0 3 8 L  
5 2 9 6 2 1 0 0 3 9 L  
5 2 9 6 2 1 0 0 4 0 L  
5 2 9 6 2 1 0 0 4 1 L  
5 2 9 6 2 1 0 0 4 2 L  
5 2 9 6 2 1 0 0 4 3 L  
5 2 9 6 2 1 0 0 4 4 L  
5 2 9 6 2 1 0 0 4 5 L  
5 2 9 6 2 1 0 0 4 6 L  
5 2 9 6 2 1 0 0 4 7 L  
5 2 9 6 2  1 0 0 4 8 L  
5 2 9 6 2 1 0 0 4 9 L  
5 2 Y 6 2 1 0 0 5 0 L  
5 2 Y 6 2 1 0 0 5 1 L  
5 2 9 6 2 1 0 0 5 2 L  
5 2 9 6 2 1 0 0 5 3 L  
5 2 9 6 2 1 0 0 5 4 L  
4 .00+00 5 2 9 6 2  1 0 0 0 8 L  
S 14  
5 1 4  
514 
514 
5 1 4  
5 1 4  
514 
5 14  
5 1 4  
S 1 4  
S 14  
S 14  
5 14  
5 1 4  
S 14 
5 1 4  
5 1 4  
5 1 4  
5 1 4  
5 1 4  
514 
514 
5 1 4  
S 1 4  
5 1 4  
5 1 4  
514 
S 14  
5 1 4  
5 1 4  
5 1 4  
S 14  
514 
S 1 4  
5 1 4  
S 1 4  
5 1 4  
S 1 4  
514 
S 1 4  
S 14  
5 1 4  
S 14  
S 14  
5 1 4  
S 1 4  
514 
S 1 4  
514 
S 1 4  
5 1 4  
5 1 4  
5 1 4  
5 1 4  
106 











{J . 't ( 3  + 0 5 
1 . 1 0 + 0 6  
I .  '1 3 t 0 5  
I . ( 1 2  + ' ) h  
? .  roto6  






















1 . 4 5 + 0 4  
7 .4 5 t 0 4 


























t 1 . 9 3 + 0 3  


















































9. U ' > + O O  
1 . 6 ' 3 4  (3 1 
z.n1401 
1.6 I + O l  

























5 2 9 b 2  10070L 






































Output for S14 
. 
GENERAL DYNAMICS/FORT WORTH 514 PROB 564303 OATE 8-29-62 PACE 1 
TOTAL FLUX A T  DETECTOR IS 4.798+02 
FLUX SPECTRUM AT DElECTOR BY INCREASING L 
0. 0. 0. 1-510-04 1.165-02 6.799-02 
2.737-01 2.011+00 5.183+00 1.520+01 1.736+01 3.834+01 
1.329+02 2.685+02 
TOTAL FLUX FROM SUB AREAS BY INCREASING K 
9*832+01 1.024+01 6.852+01 5.376+01 6*740+01 1.816+02 
FRACTION OF TOTAL FLUX FROM SUB AREAS 
2.049-01 2.135-02 1.428-01 1.120-01 1.405-01 3.785-01 
FLUX BY INCREASING L FOR SUB AREA 1 
0. 0. 0. 1.510-04 1.151-02 6.374-02 
2.300-01 1.511+00 3.173+00 7.489+00 5.808+00 1.115+01 
2.800+01 4.089+01 
FLUX BY INCREASING L FOR SUB AREA 2 
0. 0. 0. 0. 0. 0. 
0. 4.261-04 1.256-02 2.464-01 4.631-01 8.175-01 
3.874+00 4.83O+pO 
FLUX BY INCREASING L FOR SUR AREA 3 
0. 0. 0. 0. 0. 0. 
6.780-03 2.125-01 9.454-01 3.059+00 3.980+00 8.274+00 
2.175+01 3.030+01 
FLUX BY INCREASING L FOR SUB AREA 4 
0. 0. 0. 0. 0. 0 .  
0. 0. 11 169-02 5.019-01 1.612+00 4.126+00 
1.908+01 2*843+01 
FLUX BY INCREASING L FOR SUB AREA 5 
10 8 
Output for S14 (Cont'd) 
GENERAL DYNAMICSIFORT W O R T H  s i 4  PROB 564303 DATE 8-29-62 PAGE 2 
0. 0. 0. 0. 0. 0.  
0 .  0 .  1.190-07 1.726-02 2.261-01 1 .551+00 
1 .209+01 5.351+01 
FLUX BY INCREASING L FOR SUB AREA 6 
0. 0 .  0 .  0 .  1,377-04 4.251-03 




A P P E N D I X  E 
MACHINE O P E R A T I N G  I N S T R U C T I O N S  F O R  PROCEDURES 
so6 AND S l h  
111 
APPENDIX E 
MACHINE OPERATING INSTRUCTIONS FOR PROCEDURES 
so6 and S14 
The computer codes so6 and S14 (procedures) a r e  designed t o  run 
i n  STRAP, t h e  GD/FW opera t ing  system f o r  the  IBM-7090. I n  t h e  
modified vers ion of t h e  709/7090 FORTRAN System used a t  GD/FW, the  
STRAP System i s  read from t h e  system t a p e  and c o n t r o l  t r a n s f e r r e d  t o  
i t  whenever a STRAP c o n t r o l  card i s  encountered by e i ther  SIGNON or 
SCAN, A t  the  end of a STRAP job, t h e  FORTRAN Common 1-0 Package i s  
s t o r e d  and con t ro l  re turned  t o  SIGNON. 
A method by which computing i n s t a l l a t i o n s  o t h e r  than  GD/FW may 
run a computer code designed for use  with STRAP as a s tandard  execute  
job  i n  the  709/7090 FORTRAN System has been developed. 
f o r  running i n  t h i s  mode i s  composed of t he  fol lowing parts i n  the 
o rde r  l i s t e d :  
The job  deck 
1. 




DATE card and/or I .D .  card compatible with t h e  vers ion  of the 
709/7090 FORTRAN System used by the  i n s t a l l a t i o n  running t h e  
job,  
Any FORTRAN Monitor comment or PAUSE cards  needed by t h e  
ind iv idua l  computing i n s t a l l a t i o n .  
The STRAP con t ro l  deck, which i s  numbered consecut ive ly  i n  
Columns 73-75, beginning wi th  001, and has STRP2 i n  Columns 
76-80 of each card.  Card 001 i s  an  EXQ c o n t r o l  card.  
The program binary deck f o r  t he  computer code i n  quest ion.  
This deck i s  numbered consecut ively i n  Columns 73-76, 
beginning a t  0001, and has the computer code i d e n t i f i c a t i o n  
i n  Columns 78-80 of each card.  
Problem-data decks and library-data decks. 
112 
The following s ta tements  should convey t o  anyone f a m i l i a r  w i t h  
t h e  bas i c  709/7090 FORTRAN System a l l  t h e  information needed t o  run a 






6 .  
70 
8 .  
The job  deck i s  wrf t ten  as a f i l e  on t h e  input  tape.  When 
t h e  FORTRAN Monitor reaches t h i s  f i l e ,  con t ro l  i s  t r a n s -  
f e r r e d  t o  t h e  STRAP Monitor v i a  t h e  XEQ card, and t h e  STRAP 
Monitor i n  t u r n  t r a n s f e r s  c o n t r o l  t o  t h e  s p e c i f i c  computer 
code being run. 
Tapes A l ,  A2 ,  and A 3  a r e  t h e  system9 input ,  and output t a p e s  
i n  STRAP, J u s t  a s  i n  the  FORTRAN system, B4 i s  w r i t t e n  on 
by t h e  FORTRAN Monitor and hence must not  be f i l e d  p ro tec t ed .  
Tape B l  is used as  an  in te rmedia te  t ape ,  
The memory l o c a t i o n s  between ( 3  ) 
STRAP procedures. 
and (143 )8 permanently 
reserved f o r  t h e  use  of t h e  FORT w AM Monitor are not used by 
Programmed s tops  i n  STRAP procedures are  preceded by a 
comment on t h e  on-line p r i n t e r ,  
The output  added t o  tape A 3  by STRAP Jobs w i l l  - not be 
followed by an end-of-fi le.  
Upon completion of a STRAP run, t h e  system t ape  on A l  i s  
rewound, t h e  FORTRAN Common 1-0 Package i s  read in ,  two 
Monitor records  (DUMP and @-to-tape) are skipped on A l ,  and 
(LOAD) 1% c a l l e d  t o  bring i n  SIGNON, 
Tapes a r e  assigned i n  STRAP jobs  according t o  t h e  fol lowing 
t a b l e :  
Logical No. o r  Actual 7090 Tape 




















A 4  
A2 
A 3  
A 6  
A 5  
A 1  
At; 
* -J 
The a c t u a l  7090 t ape  assignment corresponding t o  l o g i c a l  
t a p e  numbers 1, 2, 3, 4, 5, 6, 7, 11, o r  12  may be a l t e r e d  
by t h e  using i n s t a l l a t i o n .  The choice of t a p e  u n i t s  must, 
however, be l imi t ed  t o  channels A, B, o r  C. The fol lowing 































































The fo rma t  of t h i s  t a b l e  i s  i d e n t i c a l  t o  t h e  FORTRAN u n i t  
t a b l e  ( I O U )  i n  t h e  FORTRAN l i b r a r y .  
anyone at tempting t o  change t h e  t a b l e  w i l l  be familiar with 
standard FORTRAN usage of t a b l e  ( I O U ) .  
on a separa te  a b s o l u t e  binary card  i n  both t h e  STRP2 and 
STRPR2 near  t h e  end of t h e  decks. Changes may be made by 
using i n s t a . l l a t i o n  on t h i s  card o r  by binary c o r r e c t i o n s  
i n s e r t e d  j u s t  before  t h e  last  card  of each deck. The 22 
word/card s tandard  binary format i s  used i n  each deck--- 
columnar binary i n  STRP2 and row binary  i n  STRPR2. The 
check-sum on t h e  cards  i n  both decks must be e i t h e r  c o r r e c t  
o r  zero. 
It i s  assumed t h a t  
This t a b l e  appears  
A s  an example, suppose i t  i s  d e s i r e d  t o  change t h e  a c t u a l  
7090 t ape  assignment of l o g i c a l  t a p e  3 from B3 t o  C 1 .  
Location 77746 would be changed from 2203 t o  3 2 0 1 i n  both 






Recovery i s  i n i t i a t e d  on STRAP procedures by loading from 
t h e  on-l ine card reader  t h e  STRAP Recovelay Deck (numbered 
consecut ively i n  Columns 73-74 beginning a t  01 with STRPR2 
i n  Columns 75-80 of each c a r d ) .  
Whenever it appears  t h a t  a problem on a STRAP procedure i s  
unable t o  reach completion, o r  whenever i t  i s  des i r ed  f o r  
any reason t o  terminate  t h e  problem (no t  t h e  j o b ) ,  then t h e  
fol lowing s t e p s  should be taken:  
a .  Place t h e  computer i n  manual and wait u n t i l  opera t ion  
b. Place t h e  machine i n  automatic,  
e. Depress sense s w i t c h  1. 
stops.  
d o  Load t h e  STRAP Recovery Deck from th,  on-l ine c 
reader .  
r d  
I f  i t  becomes necessary t o  i n t e r r u p t  a job  being run, t h e  
opera tor  should depress  sense switch 1. Within 10 minutes 
of t h i s  s tep ,  t h e  procedure should i n d i c a t e  by an  on-l ine 
comment what a c t i o n  has been taken, and what s t e p s  must be 
taken t o  r e s t a r t  t h e  procedure. I n  many procedures, t h e  
takedown a c t i o n  w i l l  cons is t  of nothing more than  skipping 
t h e  problems not y e t  completed. I f  t h e  l a t t e r  a l t e r n a t i v e  
i s  taken, then the problems not  processed should merely be 
rescheduled a t  a l a t e r  t ime, 
The fol lowing r e s t r i c t i o n s  apply t o  t h e  running of procedures 
so6 and S14 by t h e  method c u t l i n e d  i n  t h i s  s e c t i o n :  
1. Subroutine DATE ( i n  t h e  STRAP Control Deck) assumes tha t  
t h e  cu r ren t  d a t e  i s  s tored  i n  c e l l  (14218 i n  s tandard 
FORTRAN format,  If l o c a l  changes t o  t h e  FORTRAN system 
have a l t e r e d  t h i s  standard,  then  subrout ine DATE should be 
replaced by a subrout ine which does t h e  fol lowing:  
a. S to res  t h e  cu r ren t  d a t e  i n  abso lu t e  c e l l  (7777718 as 
an i n t e g e r  of t h e  fo rm:  
(MONTH) e mooo + (DAY OF MONTH) loo + (LAST TWO DIGITS OF 
YEAR ) .,
b. Returns cs.trol t!2 l , 4 ,  
Subroutine DATE i s  on s tandard r e l o c a t a b l e  b inary  i n s t r u c -  
t i o n  cards  near  the  beginning of the STRAP Control Deck. 
2. Whenever a recovery o r  te rmina t ion  of a problem i s  executed, 
t h e  fol lowing i tems should be noted: 
a. The c o r r e c t  date may not  appear  on the remaining output  
of the  job  on which recovery was made. 
Information r e t a i n e d  between jobs  i n  l o c a t i o n s  ( 3 ) 8  - 
(143)8 w i l l  probably be l o s t .  
When the  job  i s  complete, an on-l ine comment w i l l  be 
given d i r e c t i n g  the  opera tor  t o  re load  the  START card 
t o  begin the next j ob  on the  inpu t  tape.  
b. 
c. 
Both procedures, so6 and S14, w i l l  g i v e  e r r o r  p r i n t s  i n  the  event 
that  one of t h e  fol lowing s i t u a t i o n s  exis ts :  
1. The wrong source library has been loaded. T h i s  w i l l  cause 
the  machine t o  s top  a f t e r  p r i n t i n g  WRONG LIBRARY. 
2. A ca l cu la t ed  value of R or ALPHA does not f a l l  w i th in  the 
range of  input  values of R 1  or ALPHA1. T h i s  w i l l  cause the 
machine t o  go t o  the  next problem a f t e r  p r i n t i n g  A VALUE OF 
R 1  OR ALPHA1 CALLS FOR EXTRAPOLATION; t h e  values  of K, L, I, 
J, X, Y, R, ALPHA involved; and the  maximum and minimum values  
of R 1  and ALPHA1. K, L, I, and J are  s u b s c r i p t s  on sub-area, 
energy, mesh po in t  i n  X mesh, and mesh poin t  i n  Y mesh, 
r e  sp ec t i v e l y  . 
When the cross-sec t ion  l ibrar ies  loaded i n  procedure so6 do not  
agree  w i t h  those c a l l e d  f o r  i n  the problem deck, the  fo l lowing  p r i n t  
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